Author: 


Tifio-   Pr^fcifn  Qtnr^ini:^  invpf^tiaations  1924  -  1925 


Place  of  Publication:  Canton,  Pa. 


Copyright  Date:  1925? 

Master  Negative  Storage  Number:  MNS#  PSt  SNPaAg084.10 


<138967>*OCLC*Form:mono2   lnput:SGH   Edit:FMD 

008     ENT:  980325    TYP:  s    DT1:  1925    DT2:  LAN:  eng 

035     (OCoLC)38733584 

037     PSt  SNPaAg084.10  $bPreservation  Office,  The  Pennsylvania  State 

University,  Pattee  Library,  University  Park,  PA  16802-1805 
090  00  SB21 1  P8  $bP4  $caxM754794 
090  20  Microfiinn  D344  reel  84.10  $cmc+(service  copy,  print  master,  archival 

master) 
245  00  Potato  storage  investigations  1924-1925  $cby  Committee  on  Storage 

Investigations,  State  of  Pennsylvania. 
260     Canton,  Pa.  $bMarble  Laboratory  $c[1925?]. 
300     174  p.  $bill.  (some  fold.)  $c23  cm. 
533     Microfilm  $bUniversity  Park,  Pa.  :  $cPennsylvania  State  University 

$d1998.  $e1  microfilm  reel  ;  35  mm.  $f(USAIN  state  and  local  literature 

preservation  project.  Pennsylvania)  $f(Pennsylvania  agricultural 

literature  on  microfilm). 
590     Arcnivai  master  stored  at  National  Agricultural  Library,  Beitsviiie,  MD 

:  print  master  stored  at  remote  facility. 
590     This  item  is  temporarily  out  of  the  library  during  the  filming  process. 

If  you  wish  to  be  notified  when  it  returns,  please  fill  out  a  Personal 

Reserve  slip.  The  slips  are  available  in  the  Rare  Books  Room,  in  the 

Microforms  Room,  and  at  the  Circulation  desk. 
650  0  Potatoes  $xStorage. 

710  1    Pennsylvania.  $bCommittee  on  Storage  Investigations. 
830  0  USAIN  state  and  local  literature  preservation  project.  $pPennsylvania. 
830  0  Pennsylvania  agricultural  literature  on  microfilm. 


"f-r*""-'. 


CT^^^^gtl"'  ;| .  I-  '^    ''*f%^'^^S^^a 


^JT-i   ,-»/.-,'.'i.«-rijj3 


i^£^>^M 


§'^jy»ffr^m^mm^smmmtMm 


\ 


tqi=  pft'^mVAKIA  ST  ATI 
UNIVlkoITY  LibRARlES 


POTATO  STORAGE 

INVESTIGATIONS 


1924-1925 


HV 


COMMITTEE  ON  STORAGE  INVESTIGATIONS 

State  of  Pennsylvania  . 


A  Co-Operative  Investigation  Participated  in 

by  Representatives  of: 

The  United  States  Department  of  Ajt!:riculture 
The  Pennsylvania  Department  of  Agriculture 
The  Pennsylvania  State  College 
The  Pennsylvania  Growers 
[he  Marble  Laboratory  Inc. 


PUBLKSHKI)   BV 

THE  MARBLE  LABORATORY  INC, 

CANTON,   l*A 


W''^ 


miM 


''I'viffiiy 


jSajW 


-f>    1^  -^  Ji> 


;-^'?-m 


'.V  -5a 


PERSONNEL  OF  THE  COMMITTEE  ON 
STORAGE  INVESTIGATIONS 


ppointed  September  3,  1924,  by  Honorable  F.  P.  Willits, 
Secretary  of  Agriculture,  State  of  Pennsylvania 


L.  M.  MARBLE 

The  Marble  Laboratory  Inc. 

W.  A.  McCUBBIN 

Department  of  Agriculture 
^tate  of  Pennsylvania 

WILLIAM  STUART 

U.  S.  Department  of  Agriculture 
Washington,  D.  C. 

R.  D.  ANTHONY 
The  Pennsylvania  State  College 

E1{RT  STRAW 
County  Agent,  Potter  County 

D.  E.  GOODENOUGH 

Manager,  Potter  Co- Operative  Potato  Association 

Contlers|)ort,  Pa. 


K*    ■'  * 


Preface 


CHARACTER  AND  SCOPE  OF  THE  INVESTIGATION 

rlllS  investigation  has  been  called  for  by  losses  incurred  in  the  storage  of 
potatoes y  both  table  stock  and  seed  stock,  at  the  Warehouse  of  the  l\)tter 
Co-Operative  Potato  Association,  Counderport,  Pa.  The  Warehouse  was 
built  in  the  summer  of  1922,  During  its  first  yearns  operation  out  of  a  total 
of  70fi00  bushels  stored^  an  amount  estimated  at  from  70%  to  S0%,  was  lost 

loss  ivas  much  reduced  by  changes  in  the  building  construction  and  by  the 
introduction  of  a  forced  draft  ventilating  sy stein,  the  storage  loss  in  stock 
stored  in  bins  was  still  considerable. 

It  seemed  desirable  to  hare  an  investigation  conducted  ta  cxauiinr  irdo 
the  fundamentals  of  potato  storage. 

It  is  desirable  to  delay  germination  of  both  table  stock  and  seed  stock 
until  late  in  the  spring.  It  is  desirable  to  avoid  loss  from  storage  rots.  It  is 
desirable  that  the  viability  of  the  stored  seed  shall  not  be  weakened  during 
storage. 

Iloir  to  store  so  that  these  features  can  be  realized  is  the  oJ)ject  of  the 
present  investigation. 

It  was  decided  to  conduct  the  investigation  at  The  Marble  Laboratory , 
Canton,  Pa.,  because  of  the  facilities  there  available  for  research  work.  The 
work  carried  on  at  the  Marble  Laboratory  is  reported  in  Sections  I  and  II 
of  this  Report. 

To  determine  the  effect  upon  the  viability  of  the  stored  seed  of  tJie 
different  storage  methods  employed,  plantings  from  the  various  lots  of  seed  under 
test  were  made  at  the  farm  of  R.  W .  Benjamin,  Towanda,  Pa.  This  ivork  was 
carried  on  by  representatives  of  the  Bureau  of  Plant  Industry,  Pennsylvania 
Department  of  Agriculture,  and  is  presented  in  Section  III  of  this  Report. 

In  Section  IV  of  this  Report  a  statement  is  given  of  an  investigation 
carried  on  at  the  Couderspin't  Storage  during  the  storage  season  1 0,^/^-1 ')2'), 
by  representatives  of  the  Bureau  of  Plant  Industry,  Pennsylvania  Department 
of  Agriculture,  This  work  was  concurrent  with  that  carried  on  at  The  Marble 
Laboratory. 


Tins  Ki:[>ORT  IS  PRESENTED  IN  FOUR  DIVISIONS, 

AS  FOLLOWS : 


Report  of  the  Investig:ational   Work  carried  on  at  The  Marble 

Laboratory  Inc.,  Canton,  Pa.,  1924-192> 


L.  M.  MARBLE 


11 

Report  ot  the  Condition  of  Potatoes  in  Experimental  Storag-e  in 

The   Marble    Laboratory   at  Canton,   Pa.,  when  stock 

eiHcied    st()ra,^>-e,    and    also    when    stock    was 

removed  fiom  storage,  together  with 

a  discussion  of  the   results 

W.  A.  MCCUBBIN 

Plant  Pathologist,   Bureau  of  Plant  Industry 

Pennsylvania  Department  of  Agriculture 


Report  of  the  Investigational  Work  carried  on  at 
The  Marble  Laboratory  Inc..  Canton,  Pa., 


III 

Field  Tests  of  Stored  Potatoes 

W.  A.  MCCUBBIN  AND  R.  E.  HARTMAN 

Bureau  of  Plant  Industry 

Pennsylvania  Department  of  Agriculture 


IV 

Observation  on  Potato  Stora^ij-e  Conditions  at  Coudersport 

Warehouse,  1924-192^ 

W.  A.  MCCUBBIN 

Plant   Pathologist,   Bureau  of  Plant  Industry 

Pennsylvania  Department  of  Agriculture 
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I.     Report  on  Investigational  Work  Carried  on  at  The  Marble 
Laboratory  Inc.,  Canton,  Pa. 

L.  M.  MARBLE* 


PROBLEMS  COVERED  BY  THE  INVESTIGATION 


The  storage  of  potatoes  presents  two  main  problems: 

1.  Delay  of  germination  until  the  end  of  the  storage  term. 

2.  Avoidance  of  storage  rots. 

The  work  here  reported  lias  to  do  with  the  first  of  these  prob- 
lems. This  work  carried  on  upon  storage  rots  is  presented  in  the 
Second  Section  of  the  Report. 

In  considering  means  for  bringing  about  delay  in  germination 
until  the  end  of  the  storage  term,  the  storage  factors  which  have  been 
examined  are: 

1.  Tlic  t >•])(>  or  stuiai;(\  whether  bin,  crate  or  bag  storage. 

2.  The  inthienee  of  ventilation,  and  how  it  should  be  employed. 

3.  The  temperature  of  storage. 

4.  The  humidity  of  storage. 

5.  Sweating  in  storage.  •    , 


VARIETIES  USED 


The  investigations  herein  reported  were  centered  on  Potter 
County  Russet  Rural  which,  on  account  of  the  short  growing  season, 
are  more  or  less  immature  when  harvested.  Since  the  storage  of  im- 
mature stock  presents  certain  problems  not  encountered  in  m^ature 
stock,  it  was  decided  to  store  mature,  as  well  as  immature,  Pennsyl- 
vania grown  Russet  Rural  tul)ers ;  and  for  still  further  comparative 
purposes  to  store  Michigan  grown  stock  of  this  variety,  as  well  as 


*Thf  trrbnic-.'  work  pfrsrntrd  in  this  Krpmt  was  <arr,cd  on  by  R-  B.  Maxwell,  of  the  Lnboratory 
Staff  Charts,  tables  and  g.  aphs  were  prepared  by  hun.  The  photographs  were  taken  by  Mora  Lewis 
Marble 
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three  other  standard  varieties.    The  hst  of  the  varieties  finallv  decided 
upon  with  the  locaHty  where  grown  is  as  follows : 


Variety 

Russet  Rural,  immature, 

Russet  Rural,  mature. 

Russet  Rural, 

White  Rural,   (Sir  Walter  Raleigh) 

Irish  Cobbler, 

Green    Mountain, 


Where  Grown 
Potter  County,  Pennsylvania. 
Bradford  County,  Pennsylvania. 
Michigan. 

Bradford  County,  Pennsylvania. 
Bradford  County,  Pennsylvania. 
Berks  County,  Pennsylvania. 


LOCATION,  SIZE  AND  EQUIPMENT  OF  STORAGE  ROOMS 


Six  storage  rooms  w^ere  provided,  five  of  them  being  partitioned 
off  from  the  main  lal^oratory  storage  cellai*,  and  a  sixth,  consisting  of 
an  old  type  bank  storage  cellar,  located  on  the  Laboratory  grounds. 
The  arrangement  of  the  storage  rooms  in  the  main  Laboratory  Cellar 
is  sh(^wn  in  Figure  1. 

As  bin,  crate  and  bag  storage  with  and  without  ventilation,  and 
also  storage  temperature  was  to  be  studied,  it  was  necessary  to  first 
decide  upon  a  standard  size  bin  to  be  used  thruout  the  experiment 
in  the  various  storage  rooms. 

The  bin  size  determined  was  5'x5'x8'  high.  The  sides  were  built 
of  matched  lumber  and  were  made  tight,  so  as  to  simulate  the  storage 
conditions  prevailing  in  bulk  storage  of  large  quantities  of  potatoes. 
The  front  of  the  bins  w^ere  built  of  boards  placed  one  on  top  of  the 
other  and  held  in  place  by  end  cleats.  The  bottom  of  the  bins  in  the 
rooms  with  ventilation  were  formed  by  a  false  floor,  consisting  of  2'' 
plank  set  V  apart,  built  12"  above  the  earth  floor,  so  as  to  make  provi- 
sions for  the  introduction  of  the  ventilating  air.  The  bins  in  the  room 
without  ventilation  were  built  directly  upon  the  earth  floor.  This  floor 
was  covered  wit  i  wire  cloth  to  prevent  injury  from  rodents.  Owing 
to  the  size  of  ti  e  control  rooms,  it  was  necessary  in  some  cases  to 
modify  the  bin  dimensions  to  4'xr)'x8'  high. 

A  standard  burlap  bag  was  used  in  bag  storage  and  a  standard 
slatted  crate  for  crate  storage. 

It  was  decided  to  build  one  of  the  storage  rooms  without  provi- 
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sion  for  ventilation  other  than  the  opening  of  the  door  into  the  storage 
room,  and  to  provide  the  four  other  storage  rooms  in  the  main  labora- 
tory cellar  with  ventilation  with  fresh  outside  air. 

The  rooms  with  ventilation  were  numbered  1,  2,  3  and  4.  The 
room  without  ventilation  was  numbered  Room  5. 

Two  methods  were  used  to  determine  the  influence  of  ventilation: 

1.  Change  in  the  amount  of  the  ventilating  air  supplied. 

2.  Change  in  the  depth  of  the  bins. 


incrc  w  til  t  lOUr  uiiicujul  icA,Lvo 


One  air  change  per  hour,  ! 

Two  air  changes  per  hour, 
Three  air  changes  per  hour, 
Four  air  changes  per  hour. 

In  the  room.  ha\'ing  four  air  chaiiges  per  hour  three  dillerent 
depths  of  bins  were  provided;  namely,  in  addition  to  the  8'  bin,  a  6'  bm 
and  a  3'  bin. 

One  three  foot  bin  was  built  above  the  first  3'  bin,  with  a  12"  air 
space  belwcL'n,  according  to  the  plan  of  Julian  A.  Dimock,  Corinth, 
Vermont. 

With  four  rales  of  air  change  and  with  three  depths  of  bins,  it 
was  thought  that  the  dift'erence  due  to  ventilation  in  bin  storage  would 
be  api)arent;  while  the  comparison  between  bin  storage  in  the  room 
with  ventilation  and  the  room  without  vent'lation  would  afford  a  fur- 
ther comparison  on  the  effect  of  ventilation  as  an  element  in  bin 
storage. 

Storage  Rooms  1,  2  and  3  w^ere  large  enough  to  permit  the  con- 
struction witliin  them  of  only  one  l)in  and  in  addition  to  furnish  stor- 
age for  the  standard  quantity  of  crates  and  bags  used  thruout  the 
rxperiment.  In  the  rooms  with  ventilation,  bin  storage  was,  therefore, 
restricted  to  one  variety:  namely.  Potter  County  Russet  Rural.  In 
Room  4,  an  8'  bin,  a  6'  bin  and  two  3'  bins  were  constructed. 

Room  5,  the  room  without  ventilation,  was  built  large  enough  to 
allow  the  construction  within  it  of  six  standard  5'xr/x8'  high  bins,  for 
each  of  the  six  varieties  w^hich  v^ere  used  in  the  experiment,  and  in 
addition  to  permit  the  storage  within  the  room  of  crates  and  bags  of 
the  desired  quantity. 


A  standard  5'x5'x8'  bin  was  built  in  the  old  cellar  which  simulated 
ordinary  farm  cellar  storage.  This  is  an  underground  storage  cellar, 
24'xl6'x9'  high,  with  stone  waHs,  concrete  ceiling  and  concrete  floor. 
The  ceiling  of  the  cellar  is  covered  with  an  earth  fill  3  feet  deep.  The 
cellar  was  provided  with  two  air  shafts,  but  the  air  shafts  WT.re  closed 
during  this  experiment  so  that  no  outside  ventilation  was  provided. 

The  optimum  temperature  for  potato  storage  has  been  determined 
by  many  investigators  to  be  38-40'  F.  This  temperature  was  accepted 
as  the  temperature  to  be  maintained  in  Rooms  1,  2,  3,  4  and  5.  Inas- 
much, however,  as  one  feature  of  this  experiment  was  to  consider  bin 

.^lorage    Ul    ianu    ll:;.^;..    ..:.    .,;;:. .^.uieu    v.i.ii    'JILL    itv^Fcigu    111    laige     -; 

such  as  is  presented  in  warehouses,  no  effort  was  made  to  control  the 
temperature  in  the  old  cellar,  other  than  to  keep  the  cePar  from 
freezing.  Temperatures  in  the  old  cellar  accordingly  ranged  from 
29'  Y.  to  35°  F-  during  the  cold  winter  months,  affording  a  contrast 
with  the  tem.])erature  of  38-40  F.  maintained  in  the  remaining  experi- 
mental ronms. 

The  arrangement  of  the  storage  rooms  was  as  follows,  (Refer  to 
Figure  1.) 

Room  Size 

No. 

1  11x11x10' high 

2  11x11x10  high 

3  11x11x10' high 

4  15x  i)xlO'  high 


5       35x  9x12' high 


i\  Old  storage  cellar 
typifying  storage 
under  farm  condi- 
tions. 

7  Main  laboratory 
cellar. 


Equipment 

Bin  1,  4'x6'x8'  high. 
Room  for  crates  and  bags. 

Bin  2.  4'xG  xS'  high, 
Room  for  crates  and  bags. 

Bin  3,  4x6x8'  high, 
Room  for  crates  and  bags. 

Bin  4,  5'x5'x8'  high, 

5,  5x5x6' 

6.  5x5x3' 

(  ,     D  X5  X,5 

(Bin  6  being  built  directly  above 
Bin  7  with  12"  air  space  between) 
Room  foi-  cratrs  and  bags. 

Bin   S,  5  x5'x8'  high 
I).    5'x5  x8' 

10,  5x5x8' 

11,  5x5x8' 

12,  5'x5'x8' 

13,  5x5x8' 

Room  for  crates  and  bags. 

Bin  14,  5'x5'x8'  high. 
Room  for  crates  and  bags. 


Air  Changes 

Per  Hour 

One 

Two 

Three 

Four 


No  VentUation 


Crates  only  stored. 


No  Ventilation 

Tull    ventilation    but 
no  stat<'d  air  change 
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In  storage  rooms  1  to  5  inclusive,  and  in  the  Laboratory  cellar,  a 
temperature  of  38°  F.  to  40°  F.  was  maintained  thruout  the  stor- 
age season.  No  attempt  was  made  to  control  the  humidity  of  the 
storage  rooms.  The  temperature  and  humidity  were  recorded  on 
Friez  Hygrothermographs  stationed  in  the  various  storage  rooms. 
These  instruments  were  checked  once  a  week,  as  to  temperature,  by 
comparison  with  a  standard  mercury  thermometer;  and  as  to  humid- 
ity, with  a  sling  psychrometer.  The  amount  of  air  change  in  the 
rooms  with  ventilation  was  checked  by  an  anemometer. 


J  (^ 


POTATO  STORAGE  INVESTIGATIONS 


DISTRIBUTION  OF  STOCK  IN  THE  STORAGE  ROOMS 


Storge  Room  1     One  air  change  per  hour. 


Bin  1 
Crate 
Storage 


150  bushels  Potter  County  Russet  Rural,  immature, 

10  bushels  Potter  County  Russet  Rural,  immature, 

2  bushels  Russet  Rural,  mature, 

2  bushels  White  Rural,   (Sir  Walter  Raleigh)    mature, 

2  bushels  Michigan  Russet  Rural, 

2  ])ushels  Green  Mountain, 

2  bushels  Irish  Cobbler. 


Bag 

Storage 


immature, 


Storage   Room  2 
Bin  2 

Storage  Room  3 
P,in  3 

Storage  Room  4 
Bin  4 

Bin  5 

Bins   6  and   7 


Storage  Room  5 

Bin  8 

P.in  9 

Bin  10 

Bin  11 

\\\\\  12 

Bin  13 


Storage  Room  G 
(Old   (\dlar) 
Bin   14 
Crates 

Storage   Room    7 


Crates 


Potter 
I'otter 


0  uusneis   lULiei    ^^.uuntv    h.uoc5»jl  jci^in*. 

1  bushel  Russet  Rural,  mature, 

1  bushel  White  Rural,   (Sir  Walter  Raleigh),  mature, 
1  bushel  Michigen  Russet  Rural, 
1  ])ushel  Green  Mountain, 
1  ])ushcl  Irish  Cobbler. 

Two  air  changes  per  hour. 

150   bushels   Potter  County    liusset  Rural,   immature. 

Crates  and  bags  same  as  Room  1. 

Three  air  changes  per  hour. 

15U  bushels  Potter  County   Russet  Rural,  innnature. 

Crates  and   l)ags  same  as   Room  1. 

Four  air  changes  per  hour. 

One    S    ft.    bin,    containing    approximately    150    bushels, 

(\)unty   Russet  Rural,  immature. 

One    6    ft.    bin,    containing    approximately    113    bushels. 

Count V   Russet  Rural,  immature. 

Two  3  ft.  bins,  each  containing  approximately  52  bushels  Potter 

County  Russet  Rural,  immature. 

Crates  and  bags  same  as  Room  1. 

No    air    change.      No    ventilation    except    through    opening    and 

closing  of  door. 

150  bushels  Potter  County  Russet  Rural,  immature, 

ir,()  buslicls  White  Rural  (Sir  Walter  Raleigh), 

12(1  bushels  Irish   Cobbler    (bin   not  full). 

150  bushels  Bradford  County  Russet  Rural,  mature, 

150  bushels  Green  Mountain, 

150  bushels  Michigan  Russet  Rural. 

Crates  and  bags  same  as  Room  1. 

No  regular  ventilation,  except  when  door  was  open. 

150  bushels  I'otter  County  Russet  Rural,  immature, 
5  bushels  Potter  County  Russet  Rural. 

Main     Laboratorv    cellar.       Full     ventilation     thru     cellar     door 
wlH>n    outside   temperature   permitted    (he   opening   ot    the    door: 
at  other  times  four  air  changes  per  hour. 
A  number  of  crates  of  each  of  flie  varieties. 
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MOVEMENT  OF  POTTER  COUNTY  STOCK  INTO  STORAGE 


Potter  County  Russet  Rurals  were  shipped  October  22,  1924, 
loaded  in  two  box  cars,  the  doors  of  which  were  left  partly  open.  Three 
days  were  required  for  freight  delivery  to  Canton.  Upon  arrival  at 
Canton  they  w^ere  at  once  trucked  to  the  Laboratory  storage,  where 
they  were  put  in  the  various  storage  rooms  in  bins,  crates  and  bags, 
as  rapidly  as  possible,  storage  being  completed  October  28,  1924.  This 
stock  was  planted  June  15,  1924.     Vines  w^ere  killed  by  frost  about 

^>»  »i  y~%  4-^  -r  \  *  •  ■•        /-^         *  -»  ^x         .         •»  ^    — 

completed  Tuesday,  October  21.  The  tubers  had  not  ripened.  They 
were  very  green.  The  stock  was  hurried  to  the  sorting  table  at  the 
Potter  Co-Operative  Potato  Warehouse  as  rapidly  as  dug,  sorted  and 
loa(l(Hi  on  the  car  in  crates  (lie  same  day  the  sorting  was  completed. 
Of  the  first  car  approximately  33  1-3%  was  sorted  out  before  ship- 
ment; of  the  second  car,  approximately  15%.  Stock  proved  to  have 
some  fiekl  frost.  It  was  an  average  grade  of  Potter  County  stock. 
Ventilation  in  transit  was  thru  a  partially  open  door.  Sweating 
was  very  profuse,  owing  to  the  immature  condition  of  the  skin.  The 
potatoes,  while*  di\v  on  the  outside  of  the  crates,  were  very  sweaty 
within  as  delivered  to  the  Laboratory  from  the  car.  It  was  noted  that 
despite  the  care  taken  to  ship  in  crates  and  to  keep  the  car  door  open 
in  transit,  sufficient  heat  and  moisture  had  developed  to  cause  some 
rot.  There  was  a  rotten  potato  in  the  middle  of  probably  75'/r  of  the 
1,200  crates  received. 

In  placing  the  stock  in  the  various  storage  rooms,  all  rotten 
stock  detected  was  thrown  out,  but  the  potatoes  were  not  re-sorted. 
The  tubers  were  sweating  profusely,  the  surface  being  as  a  rule  en- 
tirely wet. 


MOVEMENT  OF  OTHER  STOCK  INTO  STORAGE 


The  Bradford  County  stock,  including  the  Russet  Rural,  mature 
White  Rural  (Sir  Walter  Raleigh)  and  Irish  Cobblers,  were  moved  to 
the  storage  in  trucks  about  the  same  time  as  the  Potter  County  stock 
and  were  dry  when  received.  The  Green  Mountains  were  received  bv 
car  from  the  southern  part  of  the  state  in  November,  1924  being 
shipped  m  bags.  The  Michigan  Russet  Rurals  were  received  early  in 
DecemlxM',  1924,  having  been  moved  bv  car  from  Michigan  to 
Towanda,  Pa.,  and  by  truck  from  Towanda  to  the  Laboratory 
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REPORTS  OF  CONDITION  OF  STOCK 


A  report  of  the  condition  of  the  stock  involved  in  this  investiga- 
tion was  made  on  November  12,  13  and  14,  1924,  by  representatives  of 
the  Bureau  of  Plant  Industry,  Pennsylvania  Department  of  Agricul- 
ture. Succeeding  reports  on  the  condition  were  made  on  the  following 
dates:  _  ^^„, 

December  10,  1024, 
January  12,  1925, 

.Tnnnnrv   !>S     1925. 

February  IG,  1925, 
March  2,  1925, 
March  17,  1925, 
March  30,  1925, 
I  April  13.  1925. 

A  detailed  report  of  the  condition  of  the  potatoes  when  storage 
was  broken  was  made  from  April  28  to  May  5,  1925. 

The  report  of  the  condition  of  the  stock  when  received  into  stor- 
age and  of  the  condition  of  the  stock  when  storage  was  broken  appears 
as  Section  II  of  this  Report, 


PLAN  OF  EXPERIMENTAL  WORK 


It  wa^  thought  that  information  regarding  storage  changes,  such 
as  the  occurrence  of  rot,  sweating,  etc.,  might  be  obtained  from  a  study 
of  the  temperature  within  the  bins.  For  the  pui^ose  of  this  study  it 
was  desirable  to  make  weekly  records  of  the  temperature  of  each  cubic 
foot  of  bin  storage. 

To  accomplish  this  the  ^Temperature  Gun",  shown  in  Figure  2, 
was  devised.  This  gun  was  built  of  wood,  so  as  to  be  non-conducting. 
It  was  used  to  obtain  penetration  into  the  bin  from  front  to  hack.  As 
many  guns  were  used  as  were  required  by  the  surface  measure  ot  the 
bin  "  For  the  bins  six  feet  wide  by  eight  feet  high,  forty-eight  guns 
werc^  used,  placed  in  rows  one  foot  apart,  and  stationed  in  the  row  one 
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foot  from  center  to  center.  The  different  lengths  of  the  barrels  ex- 
tending into  the  bin  enabled  the  desired  number  of  temperature  rec- 
ords to  be  obtained.  For  the  bins  four  feet  deep,  three  barrels  were 
used;  for  the  bins  five  feet  deep,  four  barrels.  The  bore  of  the  barrels 
was  of  suitable  size  to  enable  a  mercury  thermometer  to  be  inserted 
within  it.  The  metal  guard  at  the  end  of  each  barrel  provided  an  open 
space  just  beyond  the  barrel  into  which  the  thermometer  could  be 
pushed  by  a  wooden  push  rod.  A  string  attached  to  the  thermometer 
permitted  withdrawal.  The  opening  in  the  outer  end  of  the  thermom- 
eter guns  were  closed  with  corks,  except  when  temperature  was  being 
recorded. 

In  each  of  the  three  bins  4x6x8'  high  there  were  105  thermom- 
eter stations,  while  in  each  of  the  bins  5x5x8'  high,  there  were  112 
thermometer  stations.  The  tota^  number  of  thermometer  stations 
was  1370.  One  ()})serv('r  was  em])loyed  continuouslx'  thruout  the 
storage  ])ei'i()d  in  recording  the  temperature  within  the  bins,  a  com- 
plete round  being  made  each  week. 

A  sample  of  the  weekly  records  thus  obtained  is  given  in  Appen- 
dix A. 


TEMPERATURE  WITHIN  THE  BINS 


It  was  quickly  found  that  there  was  a  rise  in  temperature  from 
the  bottom  to  the  top  of  the  bins,  and  that  the  temperature  increased 
from  the  front  to  the  back  of  the  bins.  The  difference  was  not  the 
same  for  the  different  bins  and  varied  from  week  to  week.  Figure  3 
shows  th('  (liiTerence  between  the  average  temperature  at  the  bottom 
of  the  bin  and  the  average  temperature  at  the  top  of  the  bin,  a  sepa- 
rate record  being  made  of  these  temperature  differences  in  each  bin. 

It  is  to  l^e  noted  that  in  the  temperature  record  of  each  of  the 
bins,  there  are  in  general  three  characteristic  divisions: 

1.  A  decline  in  tcniporafiirc  differenre  at  tho  hop:innin^  of  the   storage   when 
the  tnhors  wore  settling  down  into  the  storage  period. 

2.  A   relatively  iiniform  teni])erature  difference  during  the  middle  of  the  sto^- 


Fir.    ?.      "  Temperalure  (;un  "   used  in  detenniinng  the  temperature 

of  tlie  ])otatoes  stored  in  bins. 
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3.  An  increase  of  temperature  difference  toward  the  end  of  the  storage  period, 
corresponding  to  the  time  of  germination  (The  high  reading  in  Bin  No.  14 
of  week  No.  15  was  caused  by  opening  the  doors  of  the  storage  room  in  the 
middle  of  the  day.) 

V 

The  cause  of  these  temperature  differences  is  the  heat  occasioned 
by  the  respiration  of  the  potatoes.    Appleman  (1)  states: 

'The  process  of  respiration  produces  heat.  The  heating  of  pota- 
toes in  large  heaps  or  bins  is  due  to  rather  high  respiration  and  poor 
ventilation,  making  it  impossible  for  the  produced  heat  to  escape.    As 


i  l^  1  f<      V>  /-%  *>  ^ 


tuber  it  accelerates  the  ver>^  process  which  produces  it.'* 


Earrott   (6)  states: 

*'A11  fruit  and  vegetables  during  the  life  period,  which  not  only 
includes  the  period  of  growth  but  the  period  of  storage  till  decay  sets 
in,  constantly  eliminates  heat  in  amounts  peculiar  to  that  particular 
produce.  This  heat  is  due  to  life  processes  and  is  accompanied  by  an 
elimination  of  carbon  dioxide  gas  and  an  absorption  of  oxygen.  You 
can  readily  see,  therefore,  that  with  any  produce  stored  in  a  bin  the 
material  on  top  would  act  as  a  heat  insulator  to  material  farther  down 
in  the  bin,  preventing  the  escape  of  the  heat  generated  in  the  life  pro- 
cesses and  thereby  this  heat  not  being  able  to  escape,  would  gradually 
raise  the  temperature  of  the  produce.  In  some  cases  where  the  mate- 
rial packs  very  closely  (like  some  grains)  the  insulating  properties  are 
so  good  that  the  temperature  of  the  grains  will  gradually  increase  till 
actual  scorching  takes  place." 

The  heat  resulting  from  the  normal  respiration  of  a  number  of 
fruits  and  vegetables  has  been  measured  by  Barrott  (5). 

The  conditions  of  bin  storage  are  such  that  only  a  portion  of  the 
heat  eliminated  })y  the  potatoes  is  retained  and  represented  by  the  in- 
crease of  temperature  within  the  bin.  A  large  portion  of  the  heat 
escapes  thru  the  front  and  open  top  of  the  bin.  There  is  to  be  expected, 
therefore,  no  close  relationship  between  the  rise  of  temperature  which 
^s  -^hown  in  Figure  3  and  the  rate  of  respiration.    It  is,  however,  inter- 

(x)   In  Appendix  B  followinfr  this  report   is  j?iv<n   a  ,M,mpleto  tnl.lr  .,f   temperatures  used   in   making 
the  chart  prej^ented   in   Figure  8. 


issn;j  AiNicx)  h 


aiiod 


3«niVd3dN3J. 


thehenvy  black  I,ne  and  the  ^ase, line  reiMesents  tin  u.m^^^^^^  .^^  ^^^^  ^^^^^^^^  f^^,,  ,  ^  ,,^^ 

botton  to  the  top  of  the  bin.  r^-admRs  for  the  '■*  l'«"*^,y?^VhP  va\«es  indic«tffl 
bin  and  in  the  top  foot  of  the  bu.  be  ing  aveiaKtd  to^oblain  the  vahies  inciic«ieci. 
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esting  to  notice  that  the  chart  shows  that  as  the  potatoes  settled  down 
into  the  storage  period,  the  heat  elimination  decreases ;  then  follows  a 
more  or  less  steady  line  until  the  middle  of  February  when  germina- 
tion started,  and  then  slightly  increases  until  the  end  of  the  storage 
period,  when  corresponding  with  the  rapid  growth  of  germination,  the 
line  turns  sharply  up.  This  is  in  accordance  with  what  would  be  ex- 
pected from  Appleman's  (2)  report  on  the  respiration  of  the  potato 
during  the  three  stages  of  storage  mentioned. 


THE  EFFECT  OF  DEPTH  OF  BIN  UPON  THE  RISE  IN 
TEMPERATURE  FROM  BOTTOM  TO  TOP  OF  BIN 


It  will  be  ixoted  that  the  temperature  differences  in  bins  1,  2,  3 
and  4  stationed  in  storage  rooms  1  to  4  inclusive,  where  air  change  was 
employed,  are  about  the  same  as  those  in  bins  8  to  13  inclusive,  where 
there  was  no  air  change.  This  is  because  an  ordinary  ventilating  cur- 
rent will  not  penetrate  into  the  solid  mass  of  potatoes  in  a  bin,  when 
the  bin  is  deep.  The  ventilating  current,  following  the  path  of  least 
resistance,  will  seek  escape  thru  the  open  space  rather  than  that  offer- 
ed by  the  mass  of  potatoes. 

In  bins  1  to  4  inclusive,  all  eight  foot  bins,  there  are  no  tempera- 
ture differences  to  indicate  deeper  penetration  of  air,  despite  the  fact 
that  the  rate  of  air  change  increased  from  one  change  per  hour  in 
Bin  1  to  four  changes  per  hour  in  Bin  4. 

In  Bin  5,  which  is  a  6  foot  bin,  the  temperature  difference  is  less, 
indicating  that  some  of  the  ventilating  air  penetrated  thru  the  bin. 

In  Bins  6  and  7,  the  two  three  foot  bins,  the  very  slight  tempera- 
ture differences,  negligible  in  Bin  7,  indicate  penetration  of  the  venti- 
lating air  in  sufficient  volume  to  carry  off  the  heat  of  respiration.  It 
is,  however,  to  be  noted  that  the  condition  of  Bin  7  was  much  better 
than  that  of  Bin  6  at  the  end  of  the  storage  period,  as  may  be  seen  by 
comparison  of  the  views  of  the  two  bins,  plate  IV.  There  is  an  evident 
advantage  in  the  more  direct  action  of  the  ventilating  air  upon  Bin  7 
due  to  its  position  directly  above  the  air  ducts. 
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THE  EFFFXT  OF  TEMPERATURE  OF  HOLDING  UPON  THE 
RISE  OF  TEMPERATURE  FROM  BOTTOM  TO  TOP  OF  BIN 


Bins  1  to  13  inclusive  were  all  held  at  a  temperature  of  38°  to 
40°  F.  The  fact  that  the  temperature  of  holding  has  an  influence 
upon  the  rise  of  temperature  from  the  bottom  to  the  top  of  bin  is 
shown  in  the  temperature  record  of  Bin  14.  No  attention  was  paid  to 
the  temperature  of  storage  room  6  in  which  Bin  14  was  located,  other 
than  to  nrevent  freezins".  The  ramre  of  temperature,  as  shown  in 
Figure  4,  w^here  the  averages  of  temperature  and  humidity  in  all  the 
storage  rooms  is  given,  is  from  40'  P\,  when  storage  commenced, 
to  31°  F.  in  January  and  February,  and  back  to  40°  F,  in  April. 
(Weekly  temperatures  of  Bin  14  are  given  on  Plate  II). 
A  cold  sna])  in  th'»  fifteenth  week  of  storage  threatened 
freezing,  and  the  outside  door  was  opened  in  the  middle  of  the 
day  causing  the  sudden  rise  of  temperature  difference  noted  for 
that  week  on  Chart  3.  Otherwise  no  effort  was  made  to  control  the 
temperature  of  the  room.  It  was  expected,  in  view  of  the  findings  of 
Hopkins  (3)  and  Bennett  and  Bartholomew  (4)  to  the  effect  that  the 
rate  of  res])iration  of  storage  tubers  increases  from  38°  F.  to  32°  F. 
reaching  a  maximum  at  32°  F.  that  the  temperature  difference  in  Bin 
14  would  be  much  greater  than  in  Bins  1  and  13  inclusive.  But  the 
differences  are  less,  despite  the  depth  of  the  bin  and  the  fact  that 
there  was  no  air  change.  The  potatoes  stored  in  Bin  14  were  in  nearly 
as  dormant  condition  at  the  breaking  up  of  storage  on  May  1,  1925,  as 
those  in  Bins  6  and  7,  as  is  showm  in  Plate  II  and  IV.  This  lack  of 
correspondence  between  rate  of  respiration  and  rise  in  temperature  is 
interesting  and  deserves  examination. 


SWEATING  IN  STORAGE 


There  are  three  distinct  kinds  of  sweating: 
1.  The  sweating  of  a  freshly  dug  potato,  which  Appleman  (1) 
states  is  due  to  the  high  rate  of  respiration  of  the  tuber  when 
dug.  This  sw^eating,  which  occurs  in  both  mature  and  imma- 
ture tubers,  lasts  for  a  number  of  days,  but  does  not  last  for  a 
long  enough  period  to  be  harmful  as  a  storage  factor. 


imH  ASm klU(K)0 tllLCti 
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KiO  5  Chart  showing  the  difTerence  betwren  the  temperati.re  at  the  to:>  of  the  bin  and  t^^  aver- 
age maxlinun.  truMUM  at  ure  in  the  bin.  In  this  Chart  the  base  hne  nwbctes  the  ^^^l-^  "'/"//  '^^'^ 
directly  over  the  t,,n..-.,v,l  the  heavy  black  line  the  d.lTerencc  m  temperatme  ^'^'^7^^*^;'  \^^.^^^  "j^Vl, 
top  foot  of  the  bin  and  the  air  over  the  bin.  When  the  heavy  black  line  ,s  below  \l\\l[l^'\\\''\,\\'^^^^^^ 
catesthMt  the  air  above  the  bin  is  colder  than  the  an  in  the  bm.  Ihe  scale  tiansfornis  the  distance 
between  the  two  line*  into  degrees  of  temperature. 


24 


THE  MAKBl.r.  LABORATORY,  INC 


2.  The  sweating  produced  when  potatoes  which  have  been  stored 
in  a  cold  room  are  suddenly  removed  into  a  warmer  room.  The 
precipitation  of  moisture  upon  the  cold  surface  of  the  potatoes 
is  that  which  always  takes  place  when  a  cold  surface  is  brought 
into  a  warm  room. 

3.  There  is,  however,  another  type  of  sweating  which  occurs  while 
potatoes  are  in  storage.  It  is  this  which  is  usually  referred  to 
under  the  term  **sweating"  in  connection  with  storage.  This 
sweating  is  undesirable.  In  our  study  as  to  its  cause  w^e  dis- 
f'n\7prpd    a    relationship    hpfwepn    thp    temneratnrp    of    thp    air 

directly  over  the  bin  and  the  temperature  of  the  top  foot  of 
potatoes  in  the  bin.  A  record  was  accordingly  made  for  each 
of  the  14  bins  of  the  temperature  of  the  air  directly  above  the 
bin  and  of  the  top  foot  of  the  potatoes  in  the  bin,  and  a  chart 
was  drawn,  (Fig.  5)  giving  the  temperature  differences  thus 
obtained. 

Observation  established  that  whenever  the  air  above  the  bin  was 
colder  than  the  air  in  the  l)in,  sweating  occurred;  whenever  the  air 
above  the  l):n  was  warmer  than  the  air  within  the  bin,  the  potatoes 
were  dry, — no  sweating  took  place. 

The  Chart  (Fig.  5),  therefore,  represents  a  picture  of  the  condi- 
tion of  the  bins  as  regards  sweating,  the  difference  between  the  heavy 
black  line  and  the  base  line  showing  the  amount  of  sweating.  When- 
ever this  difference  was  more  than  2*^  sweating  was  profuse,  but  a 
difference  of  only  a  fraction  of  a  degree  was  sufficient  to  allow  the 
sweating  to  take  place. 

The  cause  of  storage  sweating,  therefore,  is  shown  to  be  the 
natural  life  processes  of  the  potato,  when  the  potato  is  stored  under 
conditions  which  do  not  admit  of  free  escape  of  the  heat  of  respiration. 

The  rise  in  temperature  from  the  bottom  to  the  top  of  the  bins 
not  only  records  the  temperature  of  the  potatoes,  but  also  indicates 
the  temperature  of  the  air  circulating  thru  the  bins  and  escaping  from 
the  top  of  the  bins.  Moreover,  this  air  is  not  only  heated,  but  carries 
with  it  the  moisture  transpired  by  the  potato ^es  as  a  part  of  the  res- 
piration process,  with  the  result  that  the  air  rising  thru  the  bin  is 
nearly  saturated  at  the  bin  temperature. 
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When  the  room  conditions  are  such  that  the  air  above  the  bin  is 
lower  m  temperature  than  the  air  rising  from  the  bin,  precipitation 
of  the  moisture  carried  by  the  bin  air  naturally  takes  place  in  the  form 
of  what  is  termed  'sweat''.  This  moisture  extends  down  in  the  bin  to 
a  depth  dependent  upon  conditions.  Around  the  sides  of  the  bin  and 
in  front  of  the  bin  escape  of  the  heat  of  respiration  takes  place  much 
more  easily  than  towards  the  center  of  the  bin,  especially  when  the 
front  of  the  bin  is  constructed  from  loose  boards  with  cracks  between 
the  boards.  Correspondingly,  the  sweating  portion  of  the  bin  is  usually 
in  the  center,  with  a  dry  portion  around  the  front  and  sides. 

The  amount  ot  sweatmg  is  aeteraiinea  oy  a  nuniuer  ui  iaciui^. 

1.  The  temperatine  of  the  slorap^e  as  affectinp:  the  dew  point,  or  the  tempera- 
ture at  which  precipitation  takes  place. 

2.  The  humidity  of  the  bin  air. 

3.  The  temperature  difference  between  the  bin  air  and  the  air  above  the  bin. 

4.  Particular  features  of  constniction  of  the  bin,  especially  the  tightness  of 
the  sides  and  ends.  A  bin  formed  in  part  of  an  outside  stone  wall  with  dirt 
banking  will  act  differently  from  a  bin  having  a  bottom  consisting  of  a 
slatted  floor  above  the  real  earth  floor.  Sli.^ht  differences  in  construction 
effect  the  ease  of  escape  of  the  heat  of  respiration  and  the  humidity  of  the 
air  rising  from  the  bin. 

5.  Whether  or  not  there  is  ventilation.  The  character  of  ventilation  and  the 
amount  of  ventilation  make  a  striking  difference. 

6.  The  rate  of  respiration  at  the  storage  temperature  of  the  particular  variety 
stored.     Different  varieties  have  different  rates  of  respiration. 

These  being  the  cause  of  sw^eating,  the  effect  of  sweating  on  the 
tubers  is  next  to  be  considered. 

When  tubers  which  have  undergone  a  prolonged  period  of  sweat- 
ing become  dry  thru  a  change  in  the  temperature  relationship,  the 
tubers,  if  sound,  seem  to  be  physically  uninjured  by  the  sweat.  We 
have  not  noticed  a  spread  of  rot  on  sound  tubers  due  to  sweat,  nor 
have  we  noticed  a  spread  of  mold  among  sound  tubers  due  to  this 
cause.  The  amount  of  rot  and  the  amount  of  mold  is  effected  by  the 
amount  of  moisture,  but  mold  occurs  only  on  tubers  which  have  a  cut 
or  bruised  skin.    Mold  does  not  penetrate  a  sound,  unbroken  skin. 

The  main  effect  of  sweating  is  to  cause  earlier  germination  of  the 
tubers  which  are  wet,  altho  it  does  not  increase  the  amount  of  germ- 
ination present  at  the  end  of  the  storage  term,  as  will  be  seen  from  a 
comparison  of  the  bin  stored  stock  in  the  room  without  ventilation 
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(Room  5)  and  the  stock  stored  in  the  8  foot  bin  in  the  room  with  four 
air  changes  per  hour  (Room  4).  It  seems  to  supply  a  condition  favor- 
able to  growth.  The  degree  of  germination  and  the  amount  of  its 
occurrence  are  influenced  by  the  amount  of  sweat,  the  duration  of  the 
sweat,  and  the  variety  of  potatoes. 

Where  sweating  has  been  intermittent,  germination  is  not  so  far 
advanced  as  where  the  potatoes  have  been  sweating  continuously. 

The  length  of  time  required  to  cause  germination  differs  with  the 
variety  'Awd  the  storaire  conditions.  In  the  unventilated  bins  the  De- 
partment report  of  February  12  reports  sprouts  one  and  one-half 
inches  long  on  both  Potter  County  Russets  and  Bradford  County  Rus- 
sets, but  the  sprouts  are  much  more  numerous  on  the  Bradford  County 
Russets  and  extended  deeper  in  the  bin. 

The  cure  of  sweating  is  next  to  be  considered. 

Since  sweating  is  caused  by  the  retention  in  the  potatoes  as  stored 
of  the  heat  of  respiration,  the  logical  method  to  cure  or  prevent  it  is 
to  store  under  conditions  which  admit  the  ready  escape  of  the  heat  of 
respiration.  This  involves  storing  in  small  amounts  with  opportunity 
for  escape  of  heat  on  all  sides  of  the  stored  produce.  Crates  or  bags 
piled  with  ample  dunnage  comply  with  these  requirements.  Either 
package  allows  free  escape  of  heat  of  respiration.  Crates  are  to  be 
preferred  to  bags,  both  because  they  allow  freer  escape  of  the  heat 
of  respiration  and  because  they  do  not  absorb  the  moisture  given  off. 
Bags  have  a  distinct  tendency  to  become  wet  and  must  be  carefully 
handled  with  plenty  of  ventilation. 

A  moderate  amount  of  ventilation  is  of  assistance  in  all  types  of 
potato  storage  to  carry  off  the  heat  and  other  products  of  respiration. 

A  second  method  is  storing  in  bins  sufficiently  shallow  to  permit 
ventilation  introduced  from  below  to  carry  away  the  heat  of  respira- 
tion and  keep  the  temperature  conditions  thru  the  bins  uniform.  Such 
conditions  are  found  in  the  ?>  foot  bins,  wHh  four  changes  of  air  per 
hour.     (Room  4). 

A  third  method  is  keeping  the  temperature  of  the  air  above  the 
bins  warmer  than  the  air  issuing  from  the  bins,  so  that  the  moisture 


laden  air  can  escape  without  depositing  its  moisture.  Such  a  condi- 
tion is  present  in  the  8  foot  bin  with  four  changes  of  air  per  hour. 
(Room  4) . 

The  potato  sweating  discussed  herein  is  sweating  of  potatoes  in 
bins  during  storage.  It  is  not  to  be  confused  with  the  sweating  of 
potatoes  directly  after  digging,  especially  the  sweating  of  immature 
seed.  Immature  seed  requires  special  treatment  to  harden  the  skm 
and  dry  the  potatoes  off  before  placing  them  in  storage. 


TEMPERATURE  OF  ROTTEN  POTATOES 


In  the  course  of  our  investigation  we  made  a  study  of  individual 
potatoes  on  the  top  of  the  bins,  and  established  some  interesting  facts. 
The  potato  responds  quickly  to  the  temperature  of  any  object  with 
which  it  is  in  contact.  The  weight  of  a  glass  tube  mercury  thermom- 
eter made  a  distinct  difference  in  the  reading,  hence  in  takmg  the 
readings  care  was  taken  to  insert  the  thermometer  vertically  so  that 
the  thermometer  tube  would  not  rest  on  the  potatoes.  It  was  found 
that  when  a  potato  is  held  between  the  thumb  and  forefinger  for  two 
or  three  minutes,  the  temperature  of  the  potato  rises  perceptibly, 
quickly  reaching  a  difference  of  one-half  a  degree  and  sometimes  show- 
ing a  difference  of  as  high  as  2\  There  appeared,  however,  to  be  no 
difference  between  the  temperature  of  rotten  potatoes  and  sound 
potatoes.  This  observation  is  based  upon  repeated  tests  of  potatoes 
showing  storage  rots  of  all  of  the  types  which  appeared  in  our  storage 
season. 
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VENTILATION 


li 


That  ventilation  is  an  important  factor  in  delaying  germination 
has  been  shown  by  Stuart  (7). 

Ventilation,  as  discussed  in  this  Report,  is  synonymous  with  the 
phrase  "moving  air''.  No  attempt  has  been  made  to  distinguish  be- 
tween the  effect  of  fresh  outside  air  and  recirculated  air.  In  our  ex- 
perimental work,  fresh  outside  air  alone  has  been  used.  No  attempt 
has  been  made  to  control  the  temperature  or  the  humidity  of  the  ven- 
tilation air,  other  than  taking  the  air  used  in  forced  draft  circulation 
from  rooms  where  the  air  was  somewhat  tempered  in  cold  weather,  so 
that  there  would  be  no  danger  of  freezing  the  tubers. 

In  referring  to  the  cliaracter  of  ventilation  of  the  Laboratorv 
cellar,  the  term  ''full  ventilation"  or  ''unrestricted  ventilation"  is  used 
to  indicate  that  the  amount  of  ventilation  was  not  measured  or  con- 
trolled, but  was  such  as  would  naturally  take  place  in  a  bank  cellar 
storage  where  potatoes  are  stored  near  the  outside  door.  The  outside 
door  is,  under  our  practice,  kept  open  whenever  temperature  condi- 
tions permit.  It  is  open  thruout  the  day  and  night,  and  is  open 
in  the  fall  and  early  winter  until  the  outside  temperature  reaches  20°. 
The  amount  of  air  change  thus  indicated  varies  from  one  change  to 
twenty  or  more  changes  per  hour.  Sometimes  there  is  a  definite 
breeze;  at  other  times  the  air  is  still. 

In  the  case  of  potatoes  stored  in  rooms  having  a  definite  air 
change  per  he  r,  the  ventilating  air  was  introduced  into  the  bottom 
of  the  room  and  allowed  to  pass  out  thru  the  top  of  the  storage  room. 
Metal  ducts  terminating  in  4''  openings  capped  with  mushroom  shaped 
deflectors  were  used  to  distribute  the  air  uniformly  in  the  storage 
rooms.  The  amount  of  air  change  was  measured  by  an  anemometer. 
In  determining  the  amount  of  air  reciuired  to  produce  one  air  change 
per  hour,  allowance  was  made  for  the  space  occupied  by  the  produce 
stored  within  the  rooms,  and  only  an  amount  of  air  corresponding  to 
that  of  the  free  air  space  was  introduced. 

Thruout  our  work  it  has  been  recognized  that,  while  it  is  possible 
to  produce  a  definite  air  change  in  a  storage  room,  it  is  not  possible  to 


determine  how  much  air  movement  actually  takes  place  around  the 
potatoes  stored  in  containers  placed  in  the  room.  In  an  open  package, 
such  as  a  slatted  crate,  considerable  air  change  undoubtedly  takes 
place.  When  the  potatoes  are  stored  in  bins,  however,  it  is  evident 
that  the  amount  of  air  movement  within  the  bin  varies  with  the  depth 
of  the  bin  and  the  size  of  potatoes  stored  in  the  bin.  Potatoes  as 
stored  in  bins  produce  such  a  closely  packed  mass  that  there  is  little 
air  movement  within  the  bin,  the  air  seeking  an  easier  channel  of 
escape.  Since  in  all  of  our  storage  rooms  the  slatted  floor  extended 
over  the  entire  room,  and  was  not  limited  to  the  space  directly  under 
the  bin,  a  free  channel  of  escape  for  the  air  was  provided,  other  than 
thru  the  bin.  These  conditions  are  met  in  commercial  storage  and 
hence  were  considered  without  objection  in  our  experimental  work. 

In  our  study  of  the  effects  o^  ventilation,  therefore,  it  seemed 
important  to  carry  on  one  set  of  determinations  under  experimental 
conditions,  where  the  amount  of  air  actually  passing  over  or  thru  the 
potatoes  could  be  varied  as  desired  but  at  all  times  actually  recorded, 
in  addition  to  the  work  being  carried  on  in  the  experimental  rooms, 
where  there  was  a  specified  air  change  within  the  room  but  no  means 
of  determining  how  much  air  actually  came  in  contact  with  the  stored 
potatoes. 


R? 


30 


THE  MARBLE  LABORATORY,  INC. 


^__-,  .^         ^_._-, , ,—. . '-^ 1 r—^       '       '       '        r— r— r— T 

(^RAMS  Water  loss   per 


-I 1 1 1- 


rEC.l,lQ24.  To  FEB 


80  D^\  S 
\ejQ23 


"I — r 


n 


Fir..  6.      Water  loss  in  tlie  storage  of  Russet  Rural  immature  potatoes  from  Dec.   i,  1924, 
to  I'eb.    iS,   i()2,s,  at  various  difTereut  rates  of  air  chan^^e  per  liou.r  : 

T.  One  air  change  per  24  hours. 

2.  One  air  eliaiij^e  ])er   12  hours. 

V  One  air  change  per  6  hours. 

4.  One  air  change  per  hour. 

5.  Two  Hir  changes  p^-r  hour. 

6.  Three  an  changes  per  hour. 

7.  Four  air  changes  per  hour. 
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Water  loss  in  the  storage  of   Russet  Rural  immature  potatoes  from  Dec.   i,   1924 
to  May   I,  1925,  at  various  difTererjt  rates  of  air  change  per  liour  : 

T.  One  air  change  per  24  hours. 

2  One  air  change  per  12  hours. 

3.  One  air  change  per  6  hours. 

4.  One  air  change  per  hour. 

5.  Two  air  changes  per  hour. 

6.  Three  air  changes  per  hour. 

7.  Four  air  changes  per  hour. 
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STUDY    OF   VENTILATION   OF    POTATOES  HELD  IN    CLOSED 

DESICCATORS  WHICH  PERMIT  MEASURING  THE 

AMOUNT  OF  AIR  ACTUALLY  PASSED  OVER 

OR  THRU  THE  POTATOES 


MOISTURE  LOSS 


The  storage  room  in  which  this  work  was  conducted  was  held  at  a 
uniform  temperature  of  49°  F.  Twelve  desiccators  were  used.  The 
rate  of  air  change  varied  from  one  change  per  twenty-four  hours  to 
lour  cnanges  per  nour.  iiie  puLULues  u^eu  weit,-  w<imicu  and  Vvci^'ncU 
to  an  exact  uniform  weight  of  four  kilograms,  before  placing  in  the 
desiccators.  The  air  change  was  effected  by  an  air  suction  line  con- 
nected to  the  desiccators.  The  air  passing  thru  the  desiccators  was 
dried  by  first  being  drawn  thru  tubes  filled  with  calcium  chloride.  The 
amount  of  moisture  absorbed  by  the  air  in  passing  thru  the  desiccators 
was  collected  in  a  second  series  of  calcium  chloride  tubes  and  weighed. 

The  experiment  w^as  started  December  1,  1924,  and  continued 
until  the  breaking  up  of  storage  May  1,  1925.  The  varieties  used  and 
the  air  changes  are  given  in  the  following  table: 


Number  Variety 

2  Irish  Cobbler. 

8  Green  Mountain, 

9  Sir  Walter  Raleigh, 

10  Michigan  Russet  Rural, 

3  Bradford  County  Russet  Rural, 
1  Potter  County  Russet  Rural. 

4  Potter  County  Russet  Rural. 

5  Potter  County  Russet  Rural. 

6  Potter  County  Russet   Rural, 

7  T'otter  County  Russet  Rural. 

13  Potter  County  Russet  IMiral. 

14  Potter  County  Russet   liural. 


Air 

1  per 
1  per 
1  per 
1  per 
1  per 
1  per 
1  per 
1  per 

1  per 

2  per 

3  per 

4  per 


Change 

24  hours 
24  hours 
24  hours 
24  hours 
24  hours 
24  hours 
12  hours 
G  hours 
hour 
hour 
hour 
hour 


Observations  were  made  on  the  amount  of  moisture  loss  as  affected 
by  the  variation  in  rate  of  air  change,  and  upon  the  date  of  germina- 


tion. 


Under  the  conditions  of  this  experiment,  only  the  Russet  Rura' 
immature  was  subjected  to  different  rates  of  air  change.  The  moisture 
loss  which  took  place  from  December  1,  1924,  to  P'ebruary  18,  1925,  or 
a  term  of  80  days,  ard  also  that  from  December  1,  1924  to  May  1,  1925, 
or  a  term  of  180  days,  as  here  reported: 

TABLE  I 

Potter  Countv  Russet  Rural,  Immature 

Grams  water  loss     Grams  water  loss 
per  80  days  per  180  days 

Dec.  1,  1924  to  Feb.  18,  1925 — Dec.  1,  1924  to  May  1,  1925 

32.()(;f);}  (if). 7(54;") 

50.970S  122.7041 

88.4746  197.0247 

124.9556  :^6(;.:ioi(; 

157.5586  4S(;.90;-{»; 

197.S415  562.2:^:^,r, 

229.7333  631.4635 


1  air  change  per  24  hours, 
1  air  change  per  12  hours, 
1  air  change  per  6  hours. 

1  air  change  per  Iiour. 

2  air  changes  per  hour, 

3  air  changes  per  hour, 

4  air  changes  per  hour, 


In  Figures  6  and  7  the  moisture  losses  thus  recorded  are  pre- 
sented in  the  form  of  charts. 

The  reason  for  dividing  the  moisture  loss  into  two  periods  is  that 
about  February  18,  germination  started  in  certain  of  the  desiccators. 

The  results  show  that  up  to  the  time  when  germination  started 
the  water  loss  was  proportional  to  the  amount  of  air  chanofe.  Germin- 
ation is  a  definite  factor  in  the  amount  of  water  loss.  After  germina- 
tion started  the  amount  of  water  loss  varied  not  only  with  the  rate  of 
air  change,  but  also  with  the  amount  of  germination. 

This  work,  unfortunately,  was  not  started  at  the  time  of  digging 
and  covers  only  one  variety.  Further  work  is  in  progress  to  make  a 
complete  record  from  time  of  digging  thruout  the  storage  period,  and 
covering  a  number  of  varieties. 

While  it  is  shown  that  the  amount  of  water  loss  is  proportional 
to  the  amount  of  air  change,  the  amount  of  water  loss  sufficient  to 
cause  shrivehng  has  not  been  asrertained.  Under  actual  ston^ge  con- 
ditions, shriveling  did  not  take  place  in  Green  Mountain,  Irish  Cobbler 
and  Triumph  potatoes  stored  in  the  Laboratory  cellar  in  crates  under 
full  ventilation  (Plate  VI).  Germination  started  about  May  15,  but 
at  that  time  no  shriveling,  softening  or  wrinkling  of  the  skin  had 
developed. 
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DATE  OF  GERMINATION 


There  was  a  marked  difference  in  the  date  of  germination  of  the 
potatoes  as  affected  by  the  rate  of  air  change. 

TABLE  II 

Showing  the  date  of  Germination  of  Potatoes  held  in 

desiccators  under  different  rates  of  air  change. 

Date  Experiment  started.  December  1.  1924. 

Average  Room  Temperature,  49°  F. 

Variety 
Irish  Cobbler. 
Green  Mum: tain. 
Sir  Walter   lialeigh, 
Micliienn  RuK»ct  Rural, 
Bradford   Coiinty  Russet  Rural, 
I'oltc!-  County  Russet  Rural, 
Potter  County   Russet  Rural, 
Potter  County   liusset   Rural, 
I'oLler  County  l^usset  Rural, 
Potter  County    Russet   Rural, 
Potter  Count  \    Russet  Rural, 
Potter  County  Russet  Rural, 

In  the  desiccators  with  two  air  changes  per  hour  or  less,  the  sur- 
face of  the  desiccators  was  clouded  with  moisture.  The  air  change 
was  not  sufficient  to  remove  the  moisture  produced.  In  the  desiccators 
with  three  and  four  air  changes  per  hour  the  glass  was  bright  indicat- 
ing that  th(^  moisture  was  completely  removed. 
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1-29-25 
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24  hours 

3-   7-2.-, 

per 

24  hours 

3-  2-25 

I)er 

24  hours 

2-12-25 

per 

24  hours 

1-29-25 

per 

24  hours 

2-25-25 

l)er 

12  hours 

2-21-25 

])er 

T)  hours 

2-25-25 

P(  r 

hour 

2-25-25 

2 

Iter 

hour 

3-  7-25 

per 

hour 

3-12-25 

1 

per 

hour 

3-25-25 

DATES  OF  GERMINATION  OF  POTATOES  AS  AFFECTED  BY 

HOLDING  (  ONDITIONS 


Tn  the  work  reported  above,  the  holding  conditions  were  uniform 
except  as  to  the  rate  of  ventilation,  and  the  influence  of  ventilation  as 
a  fnrtnr  in  dc^laying  germination  has  been  clearly  shown.  That  there 
are   other  factors   entering   into   delay   in   germination,   however,    is 


shown  by  a  review  of  the  condition  of  the  potatoes  in  the  various  stor- 
age rooms  at  the  time  of  breaking  up  of  storage  on  May  1. 

In  tables  4  to  9  inclusive  are  given  dates  of  germination  for  all  of 
the  different  lots  of  potatoes  involved  in  this  experiment,  arranged  by 
variety.  The  date  of  earliest  sprouting  and  latest  sprouting  for  each 
variety,  with  the  type  of  storage  involved,  is  given  in  the  follov/ing 
table : 

TABLE  III 

D«tp  of  Germination  as  Affected  By  Holding  Conditions 


Variety 

Potter  County  Russet   Rural, 
Earliest   Sprouts, 
Latest    Sprouts, 

Bradford    ('oun!\    Ivusset   Rural, 
Earliest    Sprouts, 
Latest   Sprouts, 

Micdiigan    Russet    Rural, 
Earliest    Sprouts, 
Latest    Sprouts, 

liish   (\)bl)h^r. 

Earli(>st    Sprouts, 
Latest    Sprouts, 

Green   Mountain, 

p:arliest    Sprouts, 
Latest    Sprouts, 

Sir  Walter   Raleigh, 
Earliest   Sprouts, 
Latest   Sprouts. 


Date 

1-29  25 
5-  5-25 

1-  8  25 

4-   S-25 


Method 
Stored 

Bin 
Crates 

Bin 

Crates 

Bags 


1-19-25  Bin 

4-1 S  2;'.  Crates 

1-15-25  Bin 

5-10  25  Crates 


1-15-25 
5-15-25 


Bin 
Crates 


Room   1 
Room   2 
Room  ;^ 
Room    5 


1-19-25       Bin 
4-  S-25       Bags 
Crates 

1  cliange  of  air  per  hour. 

2  changes  <»f  air  p"r  liour. 
:\  (  hi'uges  of  air  per  liour. 
No    v(Uitihition. 


Where 
Stored 

Rooms   2   &   3 
Open   cellar 

Room  5 
Rooms  1.  2  ik  '^ 
and  Open    Cellar 

Room   5 
Open    cellar 

Room  5 
Open   cellar 

Room  5 
Open   cellar 

Room  5 
Rooms  1.  2  «fc  3 


The  dates  of  germination  indicate  the  profound  influence  that 
method  of  holding  in  storage  has  upon  the  time  of  germination.  In 
every  instance,  germination  was  earliest  in  bin  storage  and  latest  in 
crate  storage.  The  potatoes  held  in  crates  under  full  ventilation  in  the 
Laboratory  cellar  showed  the  most  delayed  germination.  The  variety 
Sir  Walter  Raleigh  (White  Rural)  was  not  stored  in  the  Laboratory 
cellar,  hence  the  latest  date  of  germination  given  for  this  variety  is 
not  directly  comparable. 
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TABLE  IV 
VARIETY— POTTER  COUNTY 


RUSSET  RURAL 

Date  Stored  Date  Sprouted 


Open  Cellar, 

Crates, 
Unventilated 

Crates, 

Bags, 

Bin, 
One  Air  Change  Per  Hour, 

Crates, 

Bags, 

Bins, 
Two  Air  Changes  P(^r  Hour, 

Crates, 

Bags, 

Bin, 
1'hree   Air  Changes  Per  Hour, 

Crates, 

Bags, 

Bin, 
Four  Air  Cliarii-U'S  Per  Hour, 

Crates, 

Bags, 

}un  S  ft. 

Bin  6  ft. 

Pin  3  ft.  Top 

Desiecatoi'   :>   f(.    Pottom, 
Desiccator, 

1  Air  Change  per  24   Hours. 

1   Air  Change^  per  12  Hours, 

1    Air  Change   per   G   Hours. 

1  Air  Change   per   Hour. 

2  Air  Changes  per  Hour. 

3  Air  Changes  per  Hour, 

4  Air  Changes  per  Hour, 


11-4-24 


5-  5-25 


11-4-24 

3  30-25 

11-4-24 

330-25 

11-4-24 

2-  9-25 

11-4-24 

4-  8-25 

11  4-24 

3-30-25 

11-4-24 

2-  9-25 

1  1-«-9.i 

4.  «-9p; 

11-6-24 

3  30-25 

11-6-24 

1-29-25 

11-6-24 

4-  8-25 

11-6-24 

330-25 

11-6-24 

1-29-25 

11-7-24 

3-23-25 

11-7-24 

3-  7-25 

11-7-24 

3-  7-25 

11-7-24 

3-27-25     few 

11-7-24 

3-23-25     few 

ll-!>  24 

4  11-25     few 

12  1-24 

2-25-25 

12-1^24 

2-21-25 

12-1-24 

2-25-25 

12  1  24 

2-25-25 

12-1-24 

3-  7-25 

12-1-24 

3-12-25 

12-1-24 

3  25-25 

TABLE  V 
VARIETY— BRADFORD  COUNTY  RUSSET  RURAL 


Open    Cellar. 

P.ags. 
Unventilat(Ml   liooni. 

Crates, 

Bags, 

Pin. 
One   Air   Change  Per  Hour, 

Crates, 

Bags, 
Two  Ail-  Clianges  Per  Hour. 

Crates, 

Bags. 
Three    Air   Changes    Per   Hour, 

('rat(>s. 

Foui    Air  Changes  Per   Hour, 

Crates, 

Bags, 
Desiccator, 


Date  Stored 

Date  Sprouted 

11-22-24 

4-  S-25 

11-22-24 

3-14-25 

11  22  24 

3-  9-25 

11-22-24 

1-  8-25  whei( 

wet 

11-22-24 

4-  8-25 

11-22-24 

4-  8-25 

11-22-24 

4-  S-25 

11-22-24 

4-  8-25 

11-22-24 

4-   S-25 

11-22-24 

3-23  25 

11-22-24 

3-23-25 

11-22-24 

3-  7-25 

12-  1-24 

1-29-25 

I 


TABLE  VI 
VARIETY— MICHIGAN  RUSSET  RURAL 

Date  Stored         Date  Sprouted 


Open  Cellar, 
Crates, 

Unventilated  Room, 
Crates, 
Bags, 
Bin, 

One  Air  Change  Per  Hour, 


1211-24 


K^  A.    VA.  >L^N_/  -^  I 


Bags, 
Two  Air  Changes  Per  Hour, 
Crates, 
Bags, 

TliriM^   Air   Changes   Per  Hour, 

Crates, 

Bags, 
Four  Air  Changes  Per   Hour, 

Crates, 

Bags, 

Desiccator, 


TABLE  VII 


VARIETY— SIR  WALTER  RALEIGH 


Open  Cellar, 

Bags, 
Unventilated  Room, 

Crates, 

Bags, 

Pin, 
One  Air  Change  Per  Hour, 

Crates, 

Bags, 

Two  Air  Changes  Per  Hour, 

Crates, 

Bags, 
Three   Air   Changes   Per   Hour, 

Crates, 

}5ags, 
Four  Air  Changes  Per  Hour, 

Crates, 

Bags, 

Desiccator, 


1-19-25 


12-11-24 

3-23-25 

12-11-24 

3-23-25 

12-11-24 

1-19-25 

12-11-24 

4-   8-25 

12-11  24 

4-   8-25 

12-11-24 

4-   8-25 

12-11-24 

3-30-25 

12-11-24 

4    S-25 

12-11-24 

4-  8-25 

12-11  24 

3-23-25 

12-11-24 

3-  7-25 

12-   1-24 

2-12-25 

Date  Stored         Date  Sprouted 


11-17-24 


11-17-24 
11-17-24 
11  17  24 

3-30-25 
3-23-25 
1-19-25 

11-17-24 
11-17^24 

4-  S-25 
4-  S-25 

11-17-24 
11-17-24 

4-  S-25 
4-  8-25 

11-17^2\ 
11-17-24 

4-  S-25 
4-   S-25 

11-17-24 
11-17-25 

3-23-25 

3-23-25 

12    1-24 

3     2  25 
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TABLE  VIII 
VARIETY— IRISH  COBBLER 


Date  Stored  Date  Sprouted 


OpL'ji  Cellar, 

Citiles,   Home   Grown, 
Fibo-Pak,  Presciiie  Isle,  Me. 

Uuvciitilated  Room, 
Crates, 
Bags, 
Bin, 

One  Air  diange  Per  Hour, 
Crates, 
Bags, 

Two  Air  Changes  Per  Hour, 
Crates, 
Bags, 

Three  Air  Changes  Per  Hour, 
Crates, 
Bags, 

Four  Air  Changes  l*er  Hour, 
Crates, 
Bags, 

Desiccator, 


10-  5-24 
10-13-24 


11  21-24 
11-21-24 
11-21-24 

i:  :121 
11-21-24 

11-21-24 
11  21-24 

n-21  24 
11-21-24 

11-21-24 
11-21-24 

12-   1-24 


TABLE  IX 


VARIETY— GREEN  MOUNTAIN 


Opt'ii  Cellar. 

Crates,   Home   Grown, 
Fibo-Pak.  Pres(iue   Isle,   Me. 
P.a.^s — Pucks   County, 

Unventilated  Room, 
Crates, 

lUli^S, 

Bins, 

One  Air  Change  Per  Hour, 
Crates, 
Bap:s. 

'I'wo  Air  (Mianj^es   Vvv  Hour. 
Crates, 
Bags. 

Three  Air  Changes  Per  Hour, 
Crates, 

Bag;s. 

Four  Air  Changes  Per  Hour, 
Crates, 
Bags, 

Desiccator, 


5-10-25 

4-  8-25 

3-14-25 
3-19-25 
1-15-25 

4-13-25 


wet 


4- 

S-25 

3- 

30-25 

4- 

8-25 

4- 

8-25 

3-23  25 

3- 

23-25 

129-25 

Date  Stored 

Date  Sprouted             m 

10-   5-24 
10-13-24 
12-  3-24 

5-15-25 
4-16-25 
4-  3-25 

1 

12-  3-24 
12-  3-24 
12-   3  24 

3-23-25 
3-19-25 
1  ir>  25 

few 

12-   3  24 
12-  3-24 

4-16-25 
4-  8-25 

few                1 

12    3  24 
12-  3  21 

4-16-25 
4-  8-25 

f  e  w               ^- 

4 

12    3  2} 
12-  3  24 

4-16-25 

4-   S-25 

few 

12-   3-21 
12-  3-24 

3-18-25 
3  10  25 

■^r 

12-  1-24 

3-  7-25 

PHOTOGRAPHS  SHOWING  THE  CONDITION  OF  THE  STOCK  IN 
THE  STORAGE  ROOMS  AT  THE  TIME  STORAGE 

WAS  BROKEN  MAY  1,  1925 


The  effect  of  holding  conditions  upon  date  of  germination  is 
shown  by  photographs  taken  at  the  time  of  breaking  up  of  storage. 
These  photographs  show  the  condition  of  potatoes  in  each  foot  of  each 
■  •.  "....-  4!-,  fop  of  the  bin  to  the  bottom  of  the  bin.  also  of  the  stock 
stored  in  crates  and  bags.  The  condition  of  the  stock  is  shown  more 
clearly  than  would  have  been  possible  by  the  use  of  charts. 

The  speciments  photographed  were  selected  by  representatives  of 
the  Peimsvlvania  Bureau  uf  Plant  Industry.  They  are  fair  samples  of 
the  average  condition  of  the  large  number  of  potatoes  from  which  the 
selection  was  made. 

The  specimens  taken  from  crate  and  bag  storage  are  so  uniform 
in  condition  that  instead  of  devoting  a  separate  photograph  to  each 
variety  in  each  of  the  storage  rooms,  composite  photographs  of  the 
varieties  stored  in  crates  and  also  stored  in  bags,  were  taken  for  each 
of  the  storage  rooms,  the  variety  being  named  by  a  card  on  the  potato. 
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PLATE  I 


EFFECT  OF  VENTILATION  ON  GERMINATION 


Prior  to  the  breaking  up  of  storage,  photographs  were  taken  to 
show  the  condition  of  the  bin  stock  on  March  7,  1925,  on  which  date 
Lnroutini^-  was  auite  general  in  the  bins  in  the  room  without  ventila- 
tion. In  the  rooms  with  ventilation  and  in  the  old  cellar  the  potatoes 
were  still  dormant.  The  specimens  shown  in  the  photograph  were 
selected  from  the  top  of  the  bins. 


The  varieties  shown  are  as  f  oIIowl'.  : 

No.  of  Bin  Variety 

Bin  11,  Russet  Rural,  mature, 


Bin  8, 
Bin  12, 
Bin  4, 
Bin    5, 

Bin    7, 


Russet  Rural,  immature, 
Green  Mountain, 
Russet  Rural,  immature, 
Russet  Rural,  immature, 
Russet  Rural,  immature, 


Character  of  Storage 
Room  5 — No  Ventilation. 
8  foot  bin. 

Room  5 — No  Ventilation. 
8  foot  bin. 

Room  5 — No  Ventilation. 

8  foot  bin. 
Room  4— Four  air  changes  per  hour. 

8  foot  bin. 
Room  4 — Four  air  changes  per  hour. 

6  foot  bin. 
Room  4— Four  air  changes  per  hour. 

3  foot  bin. 


It  will  be  noted  that  the  mature  Russet  Rural  germinated  earlier 
than  the  immature  stock. 

At  this  stage  of  the  storage,  there  was  a  marked  difference  be- 
tween the  rooms  with  ventilation  and  room  without  ventilation.  Germ- 
ination was  taking  place  in  all  of  the  bins  in  the  room  without  ventila- 
tion, dependent  upon  the  maturity  and  the  varietal  characteristics  of 
the  stock.  There  was  no  germination  in  any  of  the  bins  under  ventila- 
tion, nor  in  the  potatoes  stored  in  the  old  cellar  at  low  temperature. 

The  potatoes  stored  in  crates  and  bags  were  absolutely  dormant 
in  all  of  the  storage  rooms,  including  the  room  without  ventilation. 
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Plate  I— Photo  1.     Russet  Rural,  mature.  Bin  U,  Room  5. 

'*      2.     Russet  Rural,  immature.  Bin  H   Room  5. 
'♦      3.    Green  Mountain,  mature,  Bin  12,  Room  5. 
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Plate  I— rhoto  4.  Russet  Rural,  immature,  Bin  4,  Room  4. 
"  5.  Russet  Rural,  immature,  Bin  5,  Room  4. 
'*      0.    Russet  Rural,  iramatute,  Bin  7,  Room  4. 
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PLATE  II 

EFFECT  OF  LOW  STORAGE  TEMPERATURE  ON  GERMINATION 

While  most  of  the  experimental  rooms  were  located  in  the  cellar 
of  the  Laboratory  building,  one  of  the  bins  was  located  in  the  "Old 
Cellar", — a  storage  room  24'  long  x  16'  wide  x  9'  high,  built  under- 
ground with  stone  walls,  concrete  ceiling  and  concrete  floor.  This 
corresponded  to  holding  conditions  in  an  ordinary  farm  storage.  No 
effort  was  made  to  control  temperature,  except  to  prevent  freezing. 
Two  ventilation  flues  with  which  the  cellar  was  provided  were  closed. 
In  every  way  it  was  sought  to  duplicate  storage  conditions  prevaihng 
in  farm  storage. 

The  storage  room  temperature  ranged  from  40*  F.  at  the  time 
storage  commenced,  to  as  low  as  29°  F.  during  the  cold  portion  of  the 
winter.  This  permitted  the  effect  of  low  storage  temperature  upon 
germination  to  be  observed. 

Table  4,  Weekly  Temperatures  in  the  Storage  Room,  and  at  the  Top 

and  Bottom  of  the  Bin. 

Temp.  Bottom  of  Bin     Temp.  Top  of  Bin 


Date 
December      6, 
December  12, 
December  20, 
December  27, 
January     3, 
January  10, 
January  17, 
January  24, 
January  31, 
February     7, 
Februai>  14, 
February  21, 
February  28, 
March  7, 
March  14, 
March  21, 
March  28, 
April  4, 
April  10, 
April  17. 


Room.  Temp. 
38.5 
39.5 
37. 
33. 
33. 
34. 
33. 
315 
31. 
34. 
36. 
35. 
29. 
32.5 
36. 
37. 
39. 
39. 
40. 
41.6 
50. 


39.75 

40. 

38.5 

34.3 

34.8 

36.5 

35. 

33.9 

33. 

34.5 

37. 

37.3 

31.25 

33. 

36. i* 

37.8 

39.25 

39.75 

39.85 

41.5 

45.4 


41.25 

41.7 

39.75 

36.5 

35.5 

36.8 

36.4 

35.25 

34.5 

35. 

38. 

38.8 

36. 

34. 

36. 

37.3 

29.5 

41.5 

42.1 

44. 

52.5 


Aprn  27, 

It  will  be  seen  that  during  January,  February  and  March,  the 
period  when  germination  usually  starts  in  bin  storage,  the  effect  of  the 
low  temperature  was  to  hold  the  potatoes  dormant. 

The  photographs  show  that  on  April  27,  sprouting  was  very 
slight.  At  the  bottom  of  the  bin  the  potatoes  were  absolutely  dormant. 
Sweating  was  profuse  during  the  storage,  but  this  did  not  have  the 
effect  of  producing  germination.  .    o,    ..      tt 

The  condition  of  this  bin  as  to  storage  rot  is  shown  m  Section  II. 

The  photographs  demonstrate  that  one  method  of  delaying  germ- 
ination in  storage  is  low  temperature.  Temperature  is  relied  on  for 
the  entire  control.  Satisfactory  results  may  be  obtained  in  either  bin, 
crdte  or  bag  storage.  Ventilation  does  not  seem  to  be  important  in 
low  temperature  storage. 
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Plate  II— photo  1.     Russet  Rural,  Immature,  Istft.  Bin  14,  old  cellar. 

2.     Russet  Rural,  immature,  2tid  ft.  Bin  14,  old  cellar. 
•♦      3.     Russet  Rural,  immature,  3rd  ft.  Bin  14,  old  cellar. 


Plat*  11— Photo  4. 
••  5. 
"      6. 


Russet  Rural,  immature,  6th  ft.  Bin  14,  old  cellar. 
Russet  Rural,  immature,  6th  ft.  Bin  14,  old  cellar. 
Russet  Rural,  immature,  7th  ft.  Bin  14,  old  cellar. 
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PLATE  III 

FFFECT  OF  BIN  STORAGE  UPON  GERMINATION,  WHEN 

STORAGE  TEMPERATURE  IS  38-40. 


Altho  low  temperature  retards  germination,  there  are  well 
known  disadvantages  to  storage  at  low  temperatures.  Not  only  do 
the  potatoes  become  sweet  because  of  the  change  from  starch  to  sugar, 
but  with  seed  potatoes  the  stand  in  the  field  is  apt  to  be  delayed  and 
uneven.  A  temperature  of  38-40"  F.  has  been  shown  by  Hopkins  and 
others  (2)  to  be  the  best  temperature  for  storage.  When  the  storage 
temperature  is  38-40"  F.  the  type  ot  nolcimg,  wnetner  urn,  craie  ur  uag 
storage,  becomes  important,  as  does  also  the  absence  or  use  of  ventila- 
tion. 

The  photographs  here  presented  are  typical  of  bin  storage  at 
38-40  F.  The  varieties  shown  a>'e  Russet  Rural  mature  and  Russet 
Rural  immature.  Germination  started  in  bins  as  early  as  January  15, 
1925,  and  was  advanced  to  point  of  root  formation  when  storage  broke, 
Mav  1,  1925. 

These  varieties  were  stoi'ed  in  8  foot  bins  in  Room  5,  the  room 
without  ventilation. 

Reference  to  Plate  I  will  show  that  on  March  7,  the  germination 
on  Russet  Rural  mature  was  considerably  further  advanced  than  on 
Russet  Rural  immature.  This  difference  disappeared  by  May  1.  The 
same  amount  of  sprouting  was  present  in  both  varieties. 

The  sprouts  show  the  greatest  development  in  the  second  and 
third  foot  from  the  top  of  the  bin,  and  from  there  on  there  is  a  ten- 
dency for  the  sprouts  to  become  shorter  toward  the  bottom  of  the  bnis. 
Indeed,  with  hiter  germinating  varieties,  (as  will  be  shown  in  Plate  \ 
with  the  variety  (Ireen  Mountain),  the  potatoes  at  the  bott()m  of  the 
bin  may  be  completely  dormant  while  towards  the  top  of  the  bni 
s])routs  may  be  profuse  and  well  developed. 

Both  the  Russet  Rural  mature  and  immature  bins  were  very  wet 
thruout  the  entire  storage  term.  Sweating  was  profuse.  That  germ- 
ination is  not,  however,  directly  connected  with  sweating  is  shown  m 
Plate  IV. 
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Plate  III— Photo  1.    Russet  Rural,  mature,  Ut  ft.  Bin  II. 
"      2.    RuKset  Rural,  mature,  2nd  ft   Bin  11. 
"      3.    RuMet  Rural,  mature,  Hrd  ft.  Bin  11. 
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Plate  III— Photo  4.  Russet  Rural,  mature,  6th  ft.  Bin  11. 
'*  5  Ru.sset  Rural,  mature,  7th  ft.  Bin  11. 
'*      b.     Russet  Rural,  mature  8th  ft.  Bin  U. 
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Plate  III— Photo  1.     Russet  Rural,  mature.  1st  ft.  Bin  II 
"      2.     RuNset  Rural,  mature,  2tul  ft    Bin  11. 
3.     Russet  Rural,  mature,  .{rd  ft.  Biu  11. 


Plate  III-  Photo  4.     Kusset  Rural,  matiire,  Oth  ft.  Bin  11. 

"»      Russet  Rural,  mature,  7th  ft.  Bin  II. 
"      «),     Russet  Rural,  matiire  Hth  ft.  Bin  II. 


Plate  III--Photo  7.     Russet  Rural,  immature.  1st  ft.  Bin  S. 

S,     Ku.sset  Rural,  immature,  2nd  ft    Bui  8. 
"      !».     Kus.sel  Rural,  inimature.  .hd  ft.  Bin  S. 


Plate  III     Photo  10.     Russet  Rural,  immature,  oih  ft    Bin  8. 

11.     Russet  Rural,  inunature,  ♦Ith  ft.  Bin  S. 
rj.     Russei  Rural,  inimature.  7th  ft.  Bin  S. 
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PLATE  IV 


EFFECT  ON  GERMINATION  OF  STORAGE  UNDER  CONDITIONS 

WHICH  PERMIT  FREE  ESCAPE  OF  THE  I^RODUCTS  OF 

RESPIRATION,  INCLUDING  THE  HEAT  OF 

RESPIRATION 


The  photographs  here  shown  represent  storage  conditions  prevail- 
ing in  lioom  4.  This  was  the  room  with  four  air  changes  per  hour. 
The  photographs  show  the  condition  ot  each  of  the  four  bins,  also  of 
the  storage  in  crates  and  bags. 

Two  facts  are  made  clear  })y  a  study  of  these  photographs: 

1.  That  sweating  is  not  necessarily  associated  with  germination. 

2.  That  ventilation  delays  germination. 

All  of  these  bins  were  diy  thruout  the  entire  storage  period. 

This  was  especially  noticeable  in  tiie  8  foot  })in.  it  was  the  only 
8  foot  bin  which  was  dry,  and  germination  on  the  top  surface  of  the 
l)in  was  so  long  delayed  that  for  a  long  time  it  was  thought  that  this 
i)in  would  be  free  from  sprouts.  When  tlie  storage  was  broken,  how- 
ever, it  was  found  that  germination  was  well  advanced  thruout  the 
bin.  Many  individual  specimens  on  the  second  foot  from  the  top 
showed  sprouts  8"  long.  In  fact,  the  longest  sprouts  in  any  of  the 
bins  were  found  in  the  8  foot  bin  in  Room  4. 

The  influence  of  ventilation  in  delaying  germination  is  apparent 
l)y  comparison  of  the  8  foot,  the  6  foot  and  the  two  3  foot  bins. 
Temperature,  ventilation  and  all  storage  conditions  are  identical  in  all 
four  of  these  bins,  and  yet  in  the  8  foot  bin  sprouting  was  profuse, 
while  in  the  lower  ?)  foot  bin  the  j)()tatoes  were  entirely  dormant. 

The  reason  for  this  diffei'ence  in  germination  is  connected  with 
the  dei)th  of  the  bins.  Tlie  depth  of  the  bins  regulates  tlie  action  of 
ventilation. 

With  the  8  foot  bins  the  bulk  of  potatoes  is  so  great  that  the 
ventilating  air  only  exerted  an  influence  on  the  bottom  of  the  bin.  It 
will  be  noted  from  the  photogra])h  of  the  bottom  foot  of  the  8  foot  bin, 
that  the  ])otato(\s  are  ])i"act  ically  dormant. 

As  the  bins  decreased  in  de|)th,  the  influence  of  the  ventilating 
current  increased  as  the  ventilating  air  penetrated  more  thru  the  bins. 
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PUt«  IV— Photo  1.     Ru»set  Rural,  mature,   Ist  ft.   Bin  4. 

2.     RuMet  Rural,  mature,  2nd  ft.  Bin  4. 
8.     Euaset  Rural,  mature,  8rd  ft.  Bin  4, 
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Plate  IV— Photo  4.     Russet  Rural,   mature,   6th  ft.    Bin  4. 

6.     Ruaaet  Rural,  mature,  7th  ft.   Bin  4. 
6.     Ruaset  Rural,  mature.  8th  ft.  Bin  4. 
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Plate   IV— Photo  7.     Russet  Rural,   mature.    Ist  ft.   Bin  5. 

8.  Russet  Rural,  mature,  2nd  ft.  Bin  6. 

9.  Ruaaet  Rural,  mature.  8rd  ft.  Bin  5. 
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put*  IV— Photo  1.  Russet  Rural,  mature,  1st  ft.  Bin  4. 
"  2.  Rug»et  Rural,  mature.  2nd  ft.  Bin  4. 
•'        8.     RuBcet  Rural,  mature,  3rd  ft.  Bin   4. 


Plate   IV 


Photo  4. 

B. 

"         6. 


Russet  Rural,  mature,  6lh  ft.  Bin  4. 
Russet  Rural,  mature.  7th  ft.  Bin  4. 
Russet  Rural,  mature,  8th  ft.    Bin   4. 


Plate   IV— Photo   7.     Russet   Rural,   mature,    lat  ft.    Bin   5. 

8.  Russet  Rural,   mature,   2nd  ft.   Bin   6. 

9.  Russet  Rural,  mature,  3rd  ft.   Bin  5. 
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PLATE  IV— Continued 

111  the  6  foot  bill,  germination  was  delayed  m  the  lower  foot  of  the  bin. 
In  the  lower  3  foot  bin  the  potatoes  thruout  the  bin  were  entirely 
dormant. 

It  is,  however,  apparent  that  the  action  of  ventilation  in  delaying 
germination  is  to  be  associated  with  the  fact  that  the  result  of  the 
ventilation  is  the  removal  of  the  entire  products  of  respiration,  includ- 
ing the  heat  of  respiration.  Reference  to  the  chart  shown  in  1^  igure  3, 
and  also  to  the  temperature  table  in  the  appendix,  demonstrates  that 
the  temperature  within  the  bins  is  closely  associated  with  the  action 
of  the  ventilating  current. 

Ill  Liii  4  iln^n.  vvc*o  a,  marked  rise  of  tcmpcictcuic  ihru  the  bin; 
this  rise  was  much  less  in  bin  5  and  practically  disappeared  in  bin  7, 
the  lower  3  foot  bin. 

The  fact  that  bin  G,  the  upper  3  foot  bin,  did  not  show  as  great 
delay  in  germination  as  })in  7,  the  lower  3  foot  f)in,  is  due  to  the  loca- 
tion of  the  bins  with  reference  to  the  \entilating  current.  Bin  7  was 
directly  over  the  ventilating  outlet,  whereas  in  bin  6  the  current  had 
to  pass  upward  thru  the  12''  distance  separating  the  two  bins  and 
lost  much  of  its  directional  force. 

Under  ordinary  conditions  of  storage,  bag  or  crate  storage  is  to 
be  preferred  to  bin  storage,  as  either  bag  or  crate  storage  affords  bet- 
ter means  for  ventilation  than  is  possible  in  bin  storage.  It  is  interest- 
ing to  note,  however,  that  the  bags  and  crates  stored  in  this  room 
show  more  advanced  germination  than  existed  in  the  lower  3  foot  bin, 
the  reason  being  that  both  bags  and  crates  were  stored  on  the  top  of 
the  bins,  where  they  were  removed  from  the  influence  of  the  ventilat- 
ing current,  while  exposed  to  the  higher  temperature  prevailing  just 
under  the  room  ceiling. 

The  bags  were  removed  from  the  top  of  the  bins  and  placed  on 
the  slatted  floor  some  time  in  January,  and  certain  of  the  varieties 
were  absolutely  dormant,  while  in  others  germination  had  started. 

In  the  crate  storage,  however,  the  holding  conditions  were  such 
that  germination  was  well  started  in  all  of  the  varieties,  clearly  demon- 
strating that  the  method  of  holding  rather  than  thv  type  of  package, 
is  the  controlling  influence  in  delaying  gei'mination  in  storage.  In  this 
case  the  storage  conditions  w^ere  actually  })etter  in  the  lower  3  foot  bin 
than  in  either  crates  or  bags,  and  accordingly  in  the  lower  3  foot  bin 
we  have  absolute  dormancy  on  May  1. 
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Plate  IV— Photo  18.  Compasite  picture  of  varieties  stored  in  crates,  Room.  4. 


Plate    IV     rhoto   15.  Russet   Rural,    mature.    1st  ft.    Bin   7. 

16.  Russet  Rural,   mature,  2nd  ft.   Bin  7. 

17.  Russet  Rural,  mature,  8rd  ft.  Bin  7. 
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Plate  IV— Photo  19.  Composite  picture  of  varieties  stored  in  baifs,  Room  4. 
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PLATE  V  . 

EKI'ECT  OF  TYPE  OF  PACKAGE  ON  GERMINATION 
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In  the  preceding  group  of  photographs  the  effect  of  ventilation  in 
causing  the  removal  of  the  products  of  respiration,  including  the  heat 
of  respiration,  is  shown.  That  for  this  removal  to  take  place  effective- 
ly ventilation  is  not  always  necessary  is  apparent  from  the  accompany- 
ing photographs,  showing  specimens  taken  from  Room  5,  the  room 
without  air  change  other  than  that  produced  by  opening  the  door 
when  the  room  was  entered.  The  effect  of  type  of  package  upon  germ- 
ination is  here  demonstrated. 

The  contrast  between  bin  storage  and  crate  or  bag  storage  is  in- 
teresting. It  will  be  ve^(^^^^f^^f^f^  fhy\f  thp  photographs  shown  in  Plate 
II  present  other  examples  of  bin  storage  in  Room  5,  three  of  the  six 
bins  being  represented  in  the  views  in  Plate  II  and  Plate  V.  All 
three  bins  shown,  as  well  as  the  three  bins  not  shown,  are  advanced 
in  germination  to  about  the  same  point,  except  as  influenced  by  variety. 
The  variety  here  shown  in  bin  storage  is  (Jreen  Mountain.  The 
varieties  shown  in  crate  and  bag  storage  are  Green  Mountain,  Irish 
Cobbler,  Sir  Walter  Raleigh  (White  Rural),  Russet  Rural  mature 
Bradford  County,  Russet  Rural  immature  Potter  County,  Russet 
Rural  Michigan  stock. 

The  views  of  the  Green  Mountain  in  bin  storage  sh(AV  the  typicjil, 
strong,  vigorous  sprouts  characteristic  of  the  variety.  Germination 
has  so  far  advanced  that  in  the  second  and  third  foot  roots  are  form- 
ing, while  at  the  bottom  of  the  bin  the  stock  is  nearly  dormant.  The 
germination  of  Green  Mountain  in  the  8  ft.  bin  started  January  15, 
1925. 

As  contrasted  with  this,  all  of  the  varieties  shown  in  crate  and 
bag  storage  are  practically  dormant.  The  crate  storage  is  slightly 
more  advanced  in  germination  than  the  bag  storage,  because  the 
samples  from  the  crate  stored  stock  were  taken  from  the  top  layer  of 
crates,  some  four  or  five  feet  from  the  floor  of  the  room,  while  the  bag 
stored  specimens  were  taken  from  bags  piled  directly  on  the  floor  of 
the  room. 

In  a  room  without  ventilation,  the  position  of  the  stock  in  the 
room  is  an  infUunice  on  germination,  especially  where  the  room  is 
nearlv  full. 
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I'lat^  V-Phuto  7.     Composite  picture  of  varieties  stored  in  crates.  Room  5. 


riate  V      I'hoto  8.     Composite  picture  of  varieties  stored  in  bags.  Room  5. 


Plate  V— Photo  1.     Green   MounUiin.   mature.   l«t  ft.   Bin   12. 
*  "         »»         2.     Green  Mountain,  mature,  2nd  ft.   Bin.   12. 

"        S.     Green   Mountain,   mature.   3rd   ft    Bin    12. 


Plate  V— IMhUo  4.     <ireen    Mountain,   nialuro,  Olli   ft.    Bin    1-. 

5.  Green   Mountain,   mature.    <th    ft.    Bin    1^. 

6.  Green   Mountain,   mature,   8th   ft.    Bin    iz. 
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PLATE  VI 

EFFECT  UPON  GERMINATION  OF  CRATE  STORAGE  IN  A 

WELL  VENTILATED  ROOM 


The  finest  example  of  storage  shown  in  any  of  the  views  is  pre- 
sented in  the  accompanying  photographs  of  crate  storage  in  the  open 
Laboratory  cellar,  near  the  outside  door. 

The  varieties  shown  are  Green  Mountain,  Irish  Cobbler,  Triumph 
and  Early  Ohio. 

The  stock  was  absolutely  dormant  on  May  5,  1^25.  Germinaiion 
started  on  May  15,  1925. 

The  stock  was  home  grown  and  was  picked  from  the  field  into 
crates  and  stored  in  the  same  crates  without  rehandling.  The  stock 
represented  is,  therefore,  run  of  field  stock.  There  were  the  usual 
amount  of  digger  cuts  and  scrapes  in  the  harvesting  of  these  potatoes. 
Some  of  the  potatoes  were  completely  cut  in  two.  All  of  the  cut  sur- 
faces had  suberized,  however,  and  when  subjected  to  a  critical  exam- 
ination on  May  12  by  Dr.  Freeman  Weiss,  Bureau  of  Plant  Industry, 
U.  S.  Department  of  Agriculture,  this  stock  was  found  to  be  not  only 
absolutely  dormant,  but  to  be  free  from  storage  rot.  There  was  also 
no  sign  of  shriveling.  The  stock  was  firm  and  juicy  and  apparently 
as  perfect  as  when  taken  from  the  field. 

Results  here  shown  agree  with  those  reported  in  the  First  (7) 
and  the  Fifth  (8)  Report  of  The  Marble  Laboratory  Inc. 


Plate  VI — Photo  1.     Green  Mountains  stored  in  open  cellar  in  crates. 


Plate  VI— Photo  8.     Irish  Cobbler  stored  in  open  cellar  in  crates 


Plate  VI Photo  2.     Early  Ohio  stored  in  open  cellar   in  crates. 


unMF  AROWN-  CRATED 
TRIUMPH      I  V^AY  5  H^fN  CELLAR 


Plate  VI— Photo  4.     Triumph  stored   in   open  cellar  in  crates. 
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PLATE  VI 

EFFECT  UPON  GEUMINATION  OF  (KATE  STORACiE  IN  A 

WELL  VENTILATED  ROOM 


The  finest  example  of  storage  shown  in  any  of  the  views  is  pre- 
sented in  the  accompanying  photographs  of  crate  storage  in  the  open 
Laboratory  cellar,  near  the  outside  door. 

The  varieties  shown  are  Green  IMountain,  Irish  Colibler,  Triumph 
and  Early  Ohio. 

The  stock  was  absolutely  dormant  on  May  5,  1925.  Germination 
started  on  May  15,  1925. 

The  stock  was  home  grown  and  was  picked  from  the  field  into 
crates  and  stored  in  the  same  crates  without  rehandling.  The  stock 
represented  is,  therefore,  run  of  field  stock.  There  were  the  usual 
amount  of  digger  cuts  and  scrapes  in  the  harvesting  of  these  potatoes. 
Some  of  the  potatoes  were  completely  cut  in  two.  All  of  the  tut  sur- 
faces had  suberized,  however,  and  when  sub.jocted  to  a  eritiral  (exam- 
ination on  May  12  by  Dr.  Freeman  Weiss,  Bureau  of  Tlaiit  Industry, 
U.  S.  Department  of  Agriculture,  this  stock  was  found  to  be  not  only 
absolutely  dormant,  but  to  be  free  from  storage  rot.  There  was  also 
no  sign  of  shriveling.  The  stock  was  firm  and  Juicy  and  apparently 
as  perfect  as  when  taken  from  the  field. 

Results  here  shown  agree  with  those  reported  in  the  First  (7) 
and  the  Fifth  (8)  Report  of  The  Marble  Laboratory  Inc. 
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Plate  VI— Photo  1.     Green  Mountains  stored  in  open  cellar  in  crates. 
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CONCLUSIONS 


Fundamentally,  the  proper  practice  for  delaying  germination 
until  the  end  of  the  storage  term  resolves  itself  into  storage  under 
conditions  favorable  for  the  prompt  removal  of  the  products  of  respi- 
ration, including  the  heat  of  respiration. 

The  temperature  of  the  storage  is  the  controlling  factor  in  deter- 
rninini/  thp  storat^e  conditions  necessary  for  delaying  germination. 

When  the  storage  temperature  is  low,  from  30'  F.  to  35'  F.  the 
heat  of  respiration  is  so  slight  that  bin  storage  may  be  employed  with 
satisfactory  results. 

When,  however,  a  storage  temperature  of  3cS-40'' F.  is  employed, 
bni  storage  is  apt  to  result  in  early  germination. 

Ventilation  is  not  effective  in  delaying  germination  in  deep  bin 
storage. 

With  a  storage  temperature  of  38-40°  F.  storage  in  small 
packages  with  opportunity  for  the  escape  of  the  products  of  respira- 
tion on  all  sides  of  the  package  is  desirable.  Crates  or  bags  piled  with 
ample  dunnage  comply  with  these  requirements. 

Ventilation  is  the  most  effective  agency  for  removing  the  products 
of  respiration.  It  should  be  employed  in  sufficient  amount  to  do  this 
promptly  and  completely. 

When  the  storage  temperature  is  38-40°  F.,  crate  or  bag 
storage  with  ventilation  supplies  the  proper  holding  conditions  for 
delaying  germination  until  the  end  of  the  storage  term. 
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APPENDIX  A 

In  this  Appendix  is  given: 

The  weekly  temperature  report  of  temperatures  within  Bins  1  to 
14  inclusive,  for  the  week  ending  April  4, 1925.  The  temperatures  with- 
in each  bin  read  from  top  to  bottom,  the  top  line  of  figures  giving  the 
temperature  within  the  bin  on  the  top  foot  of  potatoes,  and  so  pro- 
j^ressively  downward  until  the  bottom  line  of  figures  give  the  tempera- 
tures within  the  bin  on  the  bottom  foot  of  potatoes.  The  numl)er  ot 
readings  given  on  each  line  across  the  page  indicate  the  number  of 
points  along  each  foot  of  potatoes  within  the  bin  at  which  tempera- 
ture records  were  taken.  The  manner  of  taking  the  temperatures 
within  the  bin  ic.  explained  on  page  16. 

In  addition  to  the  temperatures  within  the  bin  there  is  given,  on 
a  line  above  the  temperature  record  for  each  bin,  the  temperature  of 
the  air  above  the  bin  and  the  average  temperature  of  the  top  foot  of 
potatoes ;  and  on  a  line  below  the  tem.perature  record  for  each  bin,  the 
average  temperature  for  the  bottom  foot  of  potatoes. 
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APPENDIX  B 


The  tables  herewith  give  weekly  readings  of  temperature  and 
humidity  records  thruout  the  storage  period  for  each  of  the  storage 
bins,  together  with  certain  other  data  indicated  by  the  headings  at  the 
top  of  the  charts.  It  was  from  these  charts  that  the  chart  presented 
in  P'igure  3,  was  drawn,  using  the  temperature  differences  shown  at 

thp  \^A^\  column  of  fhp  ph;n't«  nrp^pnfprl  Viprpwifh       Tf  ic  IVinn<rhf  fh'^f- 

this  information  may  be  of  value  to  those  who  wish  to  closely  examine 
the  temperature  records. 


Tcinpcraluie  KcadiuK^,  Bin  14,  week  ending  March  30.  102S 
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BIN  5.     Table  giving  weekly  readings  of  temperature  and  humidity  thruout  the  storage  period. 
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BIN   6.     Table  Riving   weekly   readings   of   temperature   and   humidity   thruout  the   storage   period. 
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BIN   7.     Table   giving   weekly   readings   of   temperature   and   humidity   thruout   the   storage    period. 
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BIN  8.     Table  giving   weekly   readings    of   temperature  and   humidity   thruout   the   storage   period. 
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BIN  9.     Table  giving  weekly  readings   of   temperature  and   humidity  thniout  the  storage  period. 
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BIN  10.     Table  giving   weekly   readings  of  temperature  and   humidity   thruout  the   storage  period. 
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BIN    18.    Table  sivins  weekly  re&dinfs  of  temperature  and  humidity  thruout  the  storage  period. 
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II 

Keport  of  Condition  of  Potatoes  in  Experimental  Storage  in  The 
Marble  Laboratory  at  Canton,  Pa.,  when  Stock  Entered 
Storage,  and  also  when  Stock  was  Removed 
from  Storage,  together  with  a  Dis- 
cussion of  the  Results 

W.  A.  MCCUBBIN 

Plant  Pathologist,  Bureau  of  Plant  Industry, 
Department  of  Agriculture,  Harrisburg,  Pa. 


Report  of  Conditicn  of  Potatoes  in  Experimental  Storage  in  The 
A^arble  Laboratory  at  Canton,  Pa.,  when  Stock  Entered 
Storage,  and  also  when  Stock  was  Removed 
from  Storage,  together  with  a  Dis- 
cussion of  the  Results 


BY 


W.  A.  McCUBBhN 


A  report  of  the  condition  of  the  potatoes  brought  in  for  Experi- 
mental Storage  was  made  during  the  period  of  November  12,  13  and 
14,  1924,  by  K.  W.  Lauer,  Ass't.  Phint  Pathologist  in  The  Department 
of  Agriculture.  R.  E.  Hartman,  Plant  Pathologist  of  the  Department 
assisted  in  this  work  in  helping  the  methods  for  making  observations. 
Mr.  Lauer's  report  follows. 

This  inspection  was  made  according  to  instructions  from  R.  E. 
Hartman,  Plant  Pathologist,  Bureau  of  Plant  Industry,  Harrisburg, 
Pa.    The  following  is  a  copy  of  the  instructions: 

'Tollowing  my  telegram  asking  you  to  go  to  Canton,  the  following 
results  are  desired: 

''Mr.  Marble  would  like  to  know  what  percentage  of  the  stock  he 
now  has  is  eligible  for  certification  when  properly  graded.  For  this 
reason  it  was  decided  to  ascertain  this  information  on  the  following 
bases: 

"1.  Secure  the  total  weight  of  ''discards"  or  ''sort  outs"  from  a 
given  quantity  of  potatoes.  It  was  decided  to  carefully  inspect  fifteen 
(15)  bushels  from  each  of  the  bins,  they  hold  one  hundred  and  fifty 
(150)  bushels  or  ten  per  cent  (10' ;  ),  to  be  inspected.  You  will  also 
inspect  ten  per  cent  (lO^r  )  of  the  crates  and  bags. 

"When  you  have  separated  the  "sort  outs"  re-divide  them   into 

(a^  Frost. 

(b)  Cuts  and  bruises. 

(c)  Wiroworm    and    pnib   worm 
((])  (i  row  til    cracks. 

(e)  Rbizoctonia    injury. 

(f)  i'.in    or    stora.L^o    rots. 
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'Tlease  make  your  report  direct  to  me,  giving  your  results  lor 
each  division  of  seed  inspected. 

"Your  basis  for  sorting  will  be  the  standard  for  certification, 
which,  of  course,  is  not  perfect  nor  will  it  ever  be. 

"Signed— R.  E.  HARTMAN." 

It  was  found  necessary  to  add  several  additional  classifications  in 
order  to  properly  classify  the  various  conditions  as  I  found  them.  A 
complete  classification  of  the  sort-outs  is  therefore  as  follows: 

(a)  Frost  Kot. 

(b)  Cuts  and  Bruises. 

(c)  Wire   Worms   and    Grub   Injury. 

(d)  Growth   Cracks. 

(e)  Rhizoctonia    Injury. 

(f)  Bin   or   Storage   Rots. 

(g)  Sunburn, 
(h)  Culls. 

(i)     Common    Scab, 
(j)     Blight  Rot. 

These  sort-outs  were  grouped  as  nearly  as  possible  on  the  follow- 
ing basis: 

a.  FROST  ROT 

Included  all  tubers  which  showed  evidence  of  rot  due  to  frost. 
Many  tubers  were  found  that  had  rotted  completely  and  were 
destroyed  almost  entirely  during  handling.  This  was  evidenced 
by  bits  of  rot  which  adhered  to  unrotted  tubers. 

b.  CUTS  AND  BRUISES 

All  tubers  with  deep  cuts,  or  cuts  and  bruises  which  dis- 
figured the  tuber  to  any  marked  extent,  were  included  in  this 
group.  Tubers  with  a  small  clean  cut  on  the  side  or  end,  which 
had  healed  over  nicely,  were  not  included  in  the  sort-outs. 

c.  WIRE  WORM  AND  GRUB  INJURY 

Tubers  injured  to  such  an  extent  as  to  cause  their  appear- 
ance to  be  affected  were  included  in  this  group. 

d.  GROWTH  CRACKS 

Only  tubers  with  wide  deep  cracks  and  unsightly  in  appear- 
ance were  included  as  sort-outs.  Well  formed  tubers  with  small 
growth  cracks,  but  otherwise  sound  and  smooth,  were  not  in- 
cluded. 


e.  RHIZOCTONIA  INJURY 

This  group  included  only  such  tubers  which  showed  that  the 
skin  had  been  injured  by  this  disease.  Tubers  showing  the  com- 
mon black  scurf  stage  were  not  included.  Several  tubers  in- 
cluded in  this  group  were  of  such  a  nature  as  to  indicate  that  their 
injury  might  possibly  have  been  the  result  of  some  other  cause, 

i.  BIN  OR  STORAGE  ROTS 

There  were  no  bin  or  storage  rots  found.  1 

g.  SUNBURN 

Only  tubers  that  were  distinctly  greened  were  included  here. 
The  amount  found  under  this  group  was  very  small. 

h.  CULLS 

This  group  included  large  tubers  which  weighed  more  than 
12  ounces,  small  tubers,  varietal  mixtures,  tubers  with  second 
growths,  spindle  tubers,  and  tubers  which  were  distinctly  off- 
type,  poorly  shaped  and  very  rough. 

i.  COMMON  SCAB  : 

Very  few  tubers  were  found  that  fell  into  this  group. 

j.  LATE  BLIGHT  ROT 

Only  one  tuber  was  found  that  showed  signs  of  Late  Blight 
Rot. 

In  all  cases  10%  of  the  total  amount  of  potatoes  stored  was  re- 
moved and  inspected.  Where  the  storage  was  in  bulk,  the  desired 
amount  was  secured  by  taking  the  run  of  the  bin  from  a  strip  approxi- 
mately 3  feet  wide,  running  from  front  to  rear  and  down  thru  the 
center  of  the  bin.  Where  the  storage  was  in  crates,  107^  of  the  crates 
were  removed  and  inspected  by  selecting  the  crates  promiscuously 
from  the  several  tiers  in  the  bin.  This  method  it  was  thought  would 
}/ive  as  near  a  representative  lot  of  all  potatoes  stored  as  it  was  pos- 
sible to  secure.  The  results  should  therefore  be  accurate  and  should 
represent  a  fair  average  for  the  entire  lot. 

The  potatoes  inspected  were  all  sorted  by  hand  on  a  sorting  table 
and  practically  every  potato  gone  over  individually. 
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SUMMARY 


Culls,  wire  worm  anci  grub  injury,  and  cuts  and  bruises  composed 
the  greater  part  of  the  sort-outs.  The  figures  being  respectively 
5.59%,  4.67'o  and  3.14^0,  or  a  total  of  13.40',;.  for  these  three  cla.sses 
alone  '  Comparing  this  figure  with  the  calculated  total  of  14.44',;  sort- 
outs,  it  can  readily  bo  iccn  what  tb'^  '-'''  -'  +bo  «nrt-n„t«  inchided. 

The  14A4'/o  of  sort-outs  i-epresents  the  percentage  of  total  sort- 
outs  removed  from  the  total  weight  inspected.  Of  the  fifteen  lots 
examined,  the  lowest  percentage  of  sort-outs  was  9.36'/o  while  the 
highest  was  27.16%,  showing  a  variation  of  17.80',  hetsveen  the  two 
extremes.  Three  lots  ran  above  20%;  ten  oi  the  fifteen  lots  ranged 
within  approximately  3.00';  of  the  calculated  14.44%.  On  the  face 
of  these  results,  it  is  therefore  reasonable  to  assume  that  14.44' r  of 
sort-outs  represents  a  fair  average  for  the  entire  amount  in  storage. 
In  making  these  comparisons  it  should  be  remembered  that  the  lots 
inspected  represented  amounts  of  from  one  to  fifteen  crates. 

The  standard  followed  thruout  this  inspection  was  the  same  that 
is  required  of  seed  growers  in  other  sections  of  the  state  where  certi- 
fied seed  is  produced.  By  removing  14.44'^^  of  sort-outs  from  this 
stock  it  would  still  be,  in  my  opinion,  a  very  mediocre  lot  of  certified 
seed  when  compared  to  Pennsylvania  certified  seed  potatoes  m  general. 
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Report  on  Condition  of  Potatoes  in  Experimental  Storage  in  The 

Marble   Laboratory  at  Canton,  Pa.,  when  Stock 

was  Removed  from  Storage 


When  the  experimental  storage  period  was  ended,  which  the 
members  of  the  Committee  had  previously  decided  should  be  about 
May  1st,  the  Department  of  Agriculture  was  requested  to  make  a 
series  of' observations  and  records  on  the  condition  of  the  various  lots 
at  fv.-^  ^''rno  CO  fh«t  romnarisons  could  be  made  of  the  effect  of  the 
diverse  holding  conditions  on  such  features  as  rots,  sproutmg,  sweat- 
ing, etc. 

At  this  time  also,  representative  samples  were  taken  from  the 
various  lots  for  planting  tests,  to  determine  whether  the  variations  in 
storage  conditions  might  bring  about  differences  in  germination, 
growth,  vigor  or  yield.     A  separate  report  is  presented  on  the  result 

of  these  tests. 

As  before,  this  work  was  carried  out  by  K.  W.  Lauer  with  the 
assistance  of  Mr.  Marble's  own  staff  and  in  particular  of  Mr.  R.  B. 
Maxwell.  The  storage  was  broken  and  records  made  in  the  period 
April  28  to  May  5,  1925.    Mr.  Lauer's  report  is  here  given. 


The  observations  were  made  according  to  instructions  from 
W.  A.  McCubbin,  Chief  Plant  Pathologist  of  the  Bureau  of  Plant  In- 
dustry, Harrisburg,  Pa.    The  following  is  a  copy  of  the  instructions: 

PROPOSED  METHOD  OF  EXAMINATION  OF  CANTON  STORAGE 
SEED  POTATOES  WHEN  STORAGE  IS  ENDED 


Time     May  1  (or  April  27  to  May  5). 

Assigned  to  carry  out  observations— K.  W.  Lauer  and  R.  C.  Test. 

Sam{)les : 

Bins — Samples  from  top  foot,  middle  foot  and  bottom  foot.  Take 
whole  layer  off  into  crates  and  select  5  bushels  for  counts.  Take 
down  to  5  foot  layer  and  repeat;  take  down  to  1  foot  layer  and 
repeat. 


General  Statement  on  conditions  should  include: 

(a)  Sweating  or  moisture 

(b)  Sprouting 

(c)  Molds 

(d)  Shriveling 

Sorting  percentages : 

1.  Graded  certified  seed 

2.  Rots: 

(a)  Inactive 

(b)  Active 

3.  Subenzeu  cuts  and  bruises 

4.  Shriveled 

5.  Culls  (wireworm,  scab,  grub,  sunburn,  ill-shapen,  etc.) 

BaRS  to  be  inspected  in  same  way.  using  at  least  10;^    of  total 
quanity  or  at  least  two  bags. 
Crates  in  same  manner  as  bags  or  at  least  5  crates. 

Samples  for  test  plots :  ,       ^    i 

Standard  sample  of  40  pounds ;  those  except  as  noted  below  to  be 
taken  from  those  graded  to  certification  standards. 
Three  samples  to  be  taken  from  each  bin: 

(a)  Top  Foot 

(b)  Middle  Foot 

(c)  Bottom  Foot 

A  sample  from  Potter  County  stock  from  bags  and  crates  in  each 

room. 
Three  samples  from  bin  and  one  from  crates  in  bank  storage 

cellar. 
One  sample  badly  shriveled  tubers. 
One  sample  badly  sprouted. 
One  sample  badly  rotted. 
One  sample  with  small  rot  spots. 
One  of  tubers  wet  thruout  storage. 
One  of  unsprouted  tubers. 

The  following  results  were  secured  by  dumping  the  potatoes  on  a 
sorting  table  and  examining  practically  each  potato  individually. 


i 
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ROOM  NO.  1      ONE  AIR  CHANGE  PER  HOUR. 
BULK  STORAGE  (top  foot) 
BIN  NO.  1.     8  foot  bin.     Potter  County  Ru?sets. 
Date  removed  from  storage:  April  28,  1925 
Condition— (ieneral  Statement : 

(a)  Sweating: 

Tubers  moist  for  about  two  tubers  deep,  except 
around  front  and  side  of  bin  and  over  the  immediate 
surface. 

(b)  SprouLiiiK- 

Sprouts  up  to  3  inches  long 

(e)    Molds: 

Few  active  molds 

((])    SlirivrliiiK: 

Few  tubers  are  soft  but  very  few  are  shriveled 


BIN  NO.  1.     ONE  AIR  CHANGE  PER  HOUR. 

County  Russets. 

BULK  STORAGE  (middle  foot)  : 

Date  removed  from  storage:  April  28,  1925 

Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  two  inches 

(c)  Molds: 

Few  active  molds 

(d)  Sliriveling: 

Tubers  fairly  firm 

BULK  ST()RA(;E  (bottom  foot)  : 

Date  removed  from  storage:  April  28,  1925 

Condition — General  Statement  : 

(a)  Sw(^atiiig: 

Tubers  dry 

(b)  S])r()uting: 

S|)rOUts   Ui)  to   ^  ;;   iiicli 


8  foot  ))in.     Potter 


(c)  Molds: 

No  molds. 

(d)  Shriveling: 

Tubers  shriveled  around  front  and  sides  and  tor 
about  six  inches  from  the  bottom  of  the  bin.  This 
bin  has  a  slatted  floor. 

CRATE  STORAGE: 

Date:  April  28,  1925 

General  Statement: 
Potter  C\)unty  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1  inch 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  soft  and  shriveled 

Irish  Cobbhn's: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1/2  i^ch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft 

Cii'eeii  Mountains : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Si)r()uts  up  to  1  o    inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tul)ers  fii'm 
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Sir  Waller  Raleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  V2  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers   quite   ih'm 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  Va  i^^h 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft.    Few  shriveled 

Bradford  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1/2  ir^ch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft 

BAi;  STORAGE: 
Date:  April  28,  1925 
General  Statement: 
Potter  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to   ^4    inch 


(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers   slightly     soft 

Irish  Cobblers : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1/8  inch 

No  molds 
(d)   Shriveling: 

Tubers   quite    firm 

Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Si)routs   very   faintly  active 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 

Sir  Walter  Raleighs : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  Just  starting 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  not  shriveled  but  slightly  soft 

Micliigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  just  starting  activity 
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(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers   soft.      Few  shriveled 

Bradford  County  Russets : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  VJ{  inch 

(e)  Molds: 

No  molds 
(d)    Shriveling: 

Tubers    slightly  soft,  but  no  shriveling 

ROOM  NO.  2.     IWO  AIR  CHANGES  PER  HOUR. 
BULK  ST0KA(;E  (lop  foot)  : 
BLX  NO.  2.     8  foot  bin.     Potter  County  Russets. 
Date  removed  from  storage:  April  29,  1925 
Condition — (General  Statement : 

(a)  Sweating: 

Tubers   moist   for  about  8  inches  deep  except  (Acr 
the  immediate  surface  and  around  the  sides 

(b)  Sprouting: 

Sprouts  up  to  3V2  inches 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  slightly  soft  with  few  shriveled  tubers 

BULK  STORAGE  (middle  foot): 

Date  removed  from  storage:  April  29,  1925 

Condition : 

(a)  Sweating: 

Tubers  dry 

(b)  Spi'outing: 

Sprouts   up  to  2'_>  inch(\s  long 

(c)  Molds: 

No   active  molds 

(d)  Shriveling: 

Tubers    slightly  soft 


BULK  STORAGE  (bottom  foot)  : 

Date  removed  from  storage  May  2,  PJ25 

Potter  County  Russets : 

Condition: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  Yz  inch 

(c)  Molds: 

No  active  molds 

I  \       O  V*  "•'•  *  ■«  ▼  ^^  1 1  ■»■*  rv  • 

Tubers  soft  and    shriveled 


(d 


CRATE  STORAGE : 

Date  removed  from  storage  April  2S,  1925 

Putter  County  Russets: 

Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  ^2  inch 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  soft  and  many  shriveled 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  V2   inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft 

Green  Mountains: 

(a)   Sweating: 

Tubers  dry 
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(b)  Sprouting: 

Sprouts  very  faintly  active 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm,  few  soft 


Sir  Walter  Raleighs: 


(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  14  i"<-'^^ 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  fairly  firm 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  l^  inch 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  soft,  some  shriveled 

Bradford  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  Y2  inch 

(c)  Molds: 

No  molds 

(d)  Shrivehng: 

Tubers    slightly  soft 


) 


I 
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BAG  STORAGE: 

Date  removed  from  storage:  April  28,  1925 

Condition — General  Statement: 

Potter  County  Russets : 

(a)  Sweating: 

Tubers  wet  from  the  many  wet  rots 

(b)  Sprouting: 

Sprouts  up  to  Yz  inch 

(c)  Molds: 

Inu   IIIUIUS 

(d)  Shriveling: 

Tubers  soft 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  V4  i"ch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft 

ureen  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  very  faintly  active 

(c)  Molds: 

No  rnoMs 

(d)  Shriveling: 

Tubers   firm 

)Sir  Walter  Raleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  t<5   inch 
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(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers   slightly  soft 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  just  starting 

(c)  Molds: 

No  mo\ls 
((])    Shriveling: 

Tubers  soft,  few  shriveled 

Bradford  County  Russets : 

(a)  Sweating: 

Tu])ers  dry 

(b)  Sprouting: 

Si)r()uts  up  to  ^  J>  inch 

(c)  Molds: 

No  molds 
((])    Shriveling: 

Tubers  soft 

ROOM  NO.  3.     THREE  AIR  CHANGES  PER  HOUR. 
BULK  STORAGE  (top  foot)  : 
BIN  NO.  3.     8  foot  bin.     Potter  County  Russets. 
Daf(*  removed  from  storage:  April  29,  1925. 
Condition — General  Statement : 

(a)    Sweating: 

Tubers  moist  for  al)out  one  tuber  deep  except  over 
the  immi^Iiate  sui'face  and  around  the  sides. 

(1))    Spi^outing: 

S])r()uts  up  to  21/4  inches 

(c)  Molds: 

Few  active  moMs 

(d)  Shriveling: 

Tubers  slightly  soft,  with  few  shriveled  tubers 


BULK  STORAGE  (middle  foot)  : 
Date:  April  30,  1925 
Condition— General  Statement: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1%  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  son  oui  not  snnvtjit^d 

BULK  STORAGE  (bottom  foot)  : 
Date:  May  21,  1925       - 

Condition: 

Potter  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  '"^'i  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft  and  shriveled 

(RATE  STORAGE : 
Date:  April  28,  1925 

Condition— General  Statement : 
Potter  (\)unty  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  •;  i.  inch 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  soft,  many  shriveled 
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Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  IVi  i^^*^ 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Few  tubers  soft 

Green  Mountains : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1 .';  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  quite  firm 

Sir  Walter  Raleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1 1  ii^^^'h 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 

Michigan  Tlussets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  u])  to  1/|,  inch 

(c)  Molds: 

Few  active  moYls 

(d)  Shriveling: 

Tubers  soft,  few  tubers  shriveled 


Bradford  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  V-2  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  soft,  few  shriveled 

BAG  STORAGE: 
General  Statemxcnt: 
Potter  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  tj{  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  soft  and  few  shriveled 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  14  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 

Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  u])  to  \\.  inch 

(()    Molds: 

No  molds 
(d)   Sliriveling: 

Tubers  fairly  firm 
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Sir  Walter  Kaleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  just  starting 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  quite  firm 

Michigan  Russets: 

(a)  Sweating: 

Few  tubers  that  \vere  in  contact  with  wet  I'ots  wt^-e 

wet.    No  signs  of  sweating. 

(b)  Sprouting: 

Sprouts  up  to  %  inch 

(e)   Molds: 

No  molds 

(d)   Shriveling: 

Tubers  soft  and  few  shriveled 

Bradford  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  ^4,  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 


'.■■. 


ROOM  NO.  4.     FOUR  AIR  CHANC^FS  PFR  HOUR. 
BULK  STORAGE  (top  foot)  : 
BIN  NO.  4.     8  foot  bin.     Potter  County  Russets. 
Date:  April  30,  1925 

Room  Temperature: 

Maximum  49 

Minimum  42 
Relative  Humidity:    66-827^ 
Condition — General  Statement : 

(a)  S^^vpntinl?•! 

Tubers  dry 

(b)  Sprouting: 

Sprouts  u])  to  71-2  inches 

(c)  :\I(^lds: 

Few  active  molds 

((i)    Shriveling: 

Excessively  shriveled 

HULK  STORAGE  (middle  foot): 
BIX  NO.  4.     Potter  County  Russets. 
Date:  April  30,  1925 
( 'ondition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  3  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft  and  shriveled 

BULK  ST0RA(;E  (bottom  foot)  : 
Date:  May  2,  1925 
Condition-- (iencral  Statement: 
(a)   Sweating: 

Tubers  dry 

(!))    Sprouting: 

Sprouts  u])  to  '^i  inch 
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(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  excessively  shriveled 

ROOM  NO.  4.     FOUR  AIR  CHANGES  PER  HOUR. 

BULK  STORAGE  (upper  foot)  : 

BIN  NO.  5.     G  foot  bin.     Potter  County  Russets. 

Date:  April  80,  1925 

Condition— General  ^4..  +  -^a,.f : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  slightly  soft  and  shriveled 

BULK  STORAGE  (middle  foot)  : 
Date:  April  30,  1925 
Condition— Cieneral  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  Vj  ii^ch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft  and  shriveled 

BULK  ST()RA(;E  (bottom  foot)  : 
BIN  NO.  5.     Potter  (^ounty  Russets 
Date:  May  2,  1925 
Condition — General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

S]irouis  up  to  i/i   inch 


(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  soft  and  shriveled 

ROOM  NO.  4.     FOUR  AIR  (  HAXCFS  PI^K  liOFR. 

HULK  ST()RA(;E  (upper  foot)  : 

BIN  NO.  6.      3  foot  upper  bin.      Potter  (/ouiuy  Russet 

Dale:  April  30-31,  1925 

Condition— Ge>^'^>"'i  s;int(>rnfMif : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  114  i^^^*^ 

(c)  Molds: 

No  ac'ti\(^  molds 

(d)  Shriveling: 

Tubers  soft  and  slightly  shriveled 

r.Il.K  STORAGE  (middle  foot): 
Date:  May  2,  1925 
Condition— General  Statement: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  '^V  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  (piite  firm 

HLLK  STORAGE  (lower  foot): 

Date:  May  2,  1925 

Condition — General  StatenK^nt: 

(a)  Sweating: 

Tubers  dry 

(b)  S])routing: 

Sprout-  np  to  V\.  incb 
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(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  soft,  few  shriveled 

ROOM  NO.  4.     FOUR  AIR  CHANGES  PER  HOUR. 

BULK  STORAGE  (upper  foot)  : 

BIN  NO.  7.     3  foot  lower  bin. 

Date:  May  2,  1925 

Condition — General  Str  ^  --^  -^nt : 

(a)  Sweating:  •       .       ' 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1^  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft,  few  shriveled 


BULK  STORAGE  (middle  foot)  : 
Date:  May  2,  1925 

Condition — General  Statement: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  y^  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  shriveled  slightly 

BULK  STORAGE  (bottom  foot) : 
Date:  May  2,  1925 

Condition — (ieneral  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  X  inch 
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(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  excessively  shriveled 


CRATE  STORAGE: 
Date:  April  29,  1925 
General  Statement: 
Potter  County  Russets : 
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Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  shriveled  and  quite  soft 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  21/2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 

Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2V2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  very  slightly  soft 
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Sir  Walter  Raleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  3  inches 

(e)    .Molds: 

No  molds 
(d)    Shriveling: 

Tubers  fairly  solid 

Michig?TT  "Rnsspfs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2V2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  soft  and  sliriveled 

Bradford  County  lUissets: 
(a)    Sweating: 

Tubers  dry 
(1))   Sprouting: 

Sprouts  up  to  V'2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  very  soft,  some  shriveled 


BAG  STORAGE: 
Date:  April  29,  11)25 
General  Statement : 

Potter  County  Russets : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2  inches 

(c)  Molds: 

No  molds 
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(d)    Shriveling: 

Tubers  soft  and  shriveled 

Irish  C  obbleis: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  2U  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  s^'^-^^^^lv  soft 

(h'eeii  Mountains : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Spiouts  up  to  V/2  incKes 

(c)  Molds: 

Xo  mold- 

(d)  Sliriveling: 

Tubers  slightly  soft 

Sir  Walter  Raleighs: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Spi-outs  up  to  IVi  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

S])routs  u])  to  V/i  inches 

(c)  Molds: 

No  molds 
{(])    Shriveling: 

Trd)('r<  soft  and  shriveled 
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Bradi'ord  County  Russets : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  IV2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 

KOOM  NO.  5.     UNVENTILATED. 

BULK  STORAGE  (upper  loot)  : 

BIN  NO.  8.     8  fool  bni.     Potter  County  Russets. 

Date:  April  30,  1925 

Room  Temperature: 

Maximum:  51  degrees  F. 

Minimum:  50  degrees  ¥. 
Relative  Humidity:  809;  saturated. 
Condition— General  Statement : 

(a)  Sweating: 

Tubers  wet  for  about  6  inches  deep 

(b)  Sprouting: 

Sprouts  up  to  6  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  very  soft  and  shriveled 

BULK  STORAGE  (middle  foot) : 
Date:  May  2,  1925 
General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  7^2  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 


BIN  NO.  8. 

Date :  May  2,  1925 

BULK  STORAGE  (lower  foot) : 

Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  5^2  inches 

(c)  Molds: 

No  molds 

(Q;      0111  IV  ^^iiiife  ', 

Tubers  soft  and  shriveled 

ROOM  NO.  5.     UNVENTILATED. 

BULK  STORAGE  (top  foot)  : 

BIX  NO.  9.     8  foot  bin.     Sir  Walter  Raleighs. 

Date :  May  2,  1925 

(;ondition— General  Statement : 

(a)  Sweating: 

Tubers  wet,  except  over  the  immediate  surface  ot 

the  bin  and  around  the  sides. 

(b)  Sprouting: 

Sprouts  up  to  7  inches 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

Tubers  quite  firm 

BULK  STORAGE  (middle  foot) : 
Date:  May  2,  1925 
Condition— (leneral  Statement : 
Sir  Walter  Raleighs: 

(a)  Sweating:  '  '     ' 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  6^j  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling: 

Tubers  (juite  firm 
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BULK  ST0KA(;E  (bottom  foot)  : 
Date:  May  4,  1925 
Londitioii— Ceiioral  Statement : 
bii  Waller  Kaleighs : 

(a)    Sweauii^^: 

Tubers  dry 

{]))    Si)routinK: 

Sprouts  up  lo  4V4  inches 

(r)    Molds: 

No  molds 

(d)    Shriveling: 

Tubers  firm 

ROOM  NO.  5.     UNVENTILATED. 
BULK  STORAGE  (top  iool)  : 
BIN  NO.  10.     7  foot  b:n.     Irish  Cobblers. 
Date:  May  4,  1925 

Condition — Chiieral  Statement : 

(a)  Sweating: 

Tubers  moist 

(b)  Si)routing: 

Sprouts  up  to  5V2  inclies 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm,  few  soft 

BULK  ST()1L\(;K  (middh^  foot): 
Date:  May  4,  1925 

Condition — General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

S])routs  up  to  7  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  excessively  shriveled 


BULK  STORAGE  (bottom  foot)  : 
BIN  NO.  10. 
Date:  May  4,  1925 
Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  5  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling 

Tubers  soft 

RO(^M  NO.  5.     UNVENTILATED. 

BULK  ST()UAC;E  (upper  foot)  : 

BIN  NO.  11.     8  foot  bin.     Bradford  County  Russets, 

Date:  May  4,  1925 
Condition—General  Statement : 

(a)  Sw^eating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  7  inches 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling 

BULK  STORAGE  (middle  foot)  : 
Date:  May  4,  1925 
Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  10  inches 

(c)  Molds: 

No  molds 

(d)  Shriveling 

Tubers  slightly  soft 
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BULK  STORAGE  (lower  foot) : 
Date:  May  4,  1925 
Condition— General  Statement : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  6  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 


..T £!., 


ROOM  NO.  5.     UNVENTILATED. 

BULK  STORAGE  (upper  foot)  : 

BIN  NO.  12.     6  foot  bin.    Green  Mountains 

Date:  May  4,  1925 

CoiRiiiion — General  Statement : 

(a)  Sweating: 

Tubers  wet  for  18  inches  deep  except  over  the  imme- 
diate surface  and  around  the  sides. 

(b)  Sprouting: 

Sprouts  up  to  IIV'Z  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  soft  and  slightly  shriveled 

BULK  STORAGE  (middle  foot) : 
BIN  NO   12. 
Date:  May  4,  1925 
Condition : 
Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  914  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  soft 
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BULK  STORAGE  (bottom  foot) : 
Date:  May  5,  1925 

Condition : 

(a)  Sw^eating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  5  inches 

(c)  Molds: 

No  molds 

(  A\      QV«  v»ii  rrkl  in  rr 

Tubers  firm 

ROOM  NO.  5.     UNVENTILATED. 

BULK  STORAGE  (upper  foot)  : 

BIN  NO.  13.     8  foot  bin.     Michigan  Russets. 

Date:  May  4,  1925 

Condition — General  Statement: 

(a)  Sweating: 

Tubers  wet  for  about  5  tubers  deep.    The  immediate 

surface  and  sides  of  the  bin  are  dry. 

(b)  Sprouting: 

Sprouts  up  to  51/2  inches 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling 

BULK  STORAGE  (middle  foot) : 
Date:  May  4,  1925 
Condition : 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  11  Uj  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  soft 
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BUI.K  STORAGE  (bottom  foot)  : 

Date:  May  5,  1925 

Condition: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  4  inches 

(c)  Molds: 

No  molds 

Tubers  slightly  soft 


(d) 


(RATE  STORAGE: 
Date:  April  29,  1925 
General  Statement: 
Potter  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1  inch 

(c)  Molds: 

Few  active  moMs 

(d)  Shriveling 

Tubers  soft  and  slightly  shriveled 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  V/-2  inches 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  firm 

Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  i/i.  inch 


(c)  Molds: 

No  molds 

(d)  Shriveling 

Tubers  quite  firm 


Sir  ^^'  -Iter  Raleighs: 


(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  l\i  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  fiiTii 

Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  ^i  inch 

(c)  Molds: 

Few  active  molds 

(d)  Shriveling 

Tubers  quite  firm 

Bradford  County  Russets : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  %  inch 

(c)  Molds: 

No  active  molds 

(d)  Shriveling 

Tubers  quite  firm 
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BAG  STORAGE: 
Date:  April  29,  1925 
General  Statement : 
Potter  County  Russets : 
(a)   Sweating: 

Tubers  dry 
(h)   Sprouting: 

Sprouts  up  to  V2  i^ch 
(c)   Molds: 

No  molds 


Tubers  fairly  firm 
Irish  Gobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  li  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling 

Tubers  slightly  soft 
Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  %  iiich 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 

Sir  Walter  Raleighs : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  %  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 


Michigan  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  14  ii^^h 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  very  soft  and  shriveled 
Bradford  County  Russets: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1/2  i^^^'^ 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  slightly  soft 

CELLAR  STORAGE: 

BIX  NO.  14.     Potter  (\)untv  Russets. 

Date:  April  27,  1925 

Room  Temperature : 

Maximum:  50  degrees  F. 

Minimum:  50  degrees  F. 
Relative  Humidity :       75%  saturated 
BULK  STORAGE  (top  foot)  : 
Date  removed  from  storage:  April  27,  1925 
Condition — General  Statement: 

(a)  Sweating: 

Tubers  moist  for  about  1  foot  deep.     Below  the  up- 
per foot  the  potatoes  were  dry. 

(b)  Sprouting: 

Sprouts  up  to  i/t  inch 

(c)  Molds: 

Few  active  mo  Vis 

(d)  Shriveling: 

Shriveled  tubers  found  mostly  along  the  front  and 
sides  of  the  bin 
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OLD  CELLAR : 

BULK  STORAGE  (middle  foot) : 

General  Statement: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  about  \{\  i^^^^ 

(c)  Molds: 

No  active  molds 

(d)  Shriveling:  . 

•  Tubers  solid,  except  around  side  and  in  the  corners, 
where  the  tubers  are  less  firm  than  in  the  center  ot 
the  l)in.  Tubers  aloni^  the  front  are  soft  and  shriv- 
eled considerably. 

OLD  CELLAR: 

BULK  STORAGE  (bottom  foot)  : 

General  Statement: 

(a)  Sweating: 

Tubers  dry  '  ..cept  a  small  area  toward  the  doui, 

where  there  are  siirns  ot  frost  iniurv. 

(b)  Sprouting: 

Sprouts  just  starting 

(c)  Molds: 

No  active  molds 

(d)  Shriveling:  . 

Tubers  shriveled  excesftively  thruout  the  lower  t<'Oi. 
These  potatoes  were  stored  on  a  concrete  floor. 

(TvATE  STORAGE: 

General  Statement: 

Potter  County  Russets : 

(a)   Sweating: 

Tubers  dry 

(1))    Sprouting: 

No  sprouts 


(c)  Molds: 

Few  active  molds 

(d)  Shriveling: 

There  appeared  to  be  a  very  large  per  cent  of  shriv- 
eled tubers. 


OPEN  CELLAR: 

CRATE  STORAGE:  Home  grown. 

Date:  May  5,  1925 

(;eneral  Statement: 

Green  Mountains: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

No  sprouts 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 

OPEN  CELLAR: 

CRATE  STORAGE:  Home  grown. 

General  Statement: 

Irish  Cobblers: 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  close  to  1/8  inch 

(c)  Molds: 

No  molds 

(d)  Shriveling: 

Tubers  firm 

OPEN  CELLAR: 

(RATE  STORAGE:  Home  grown. 

(ieneral  Statement: 

Rijss  Triumph : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

No  sprouts 
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(c) 

Molds : 

No  molds 

(d) 

Shriveling: 

Tubers  firm 

OPP]N  CELLAR: 

CRATES:  Early  Ohio,  home  grown. 

General  Statement: 

(a)  Sweating: 

Tubers  drv 

(b)  Sprouting: 

Sprouts  up  to  Vii  i^i<-*^* 

(c)  Molds: 

No  moMs 

(d)  Shriveling: 

Tubers  tirm 

OPEN  CELLAR: 
CRATES:  Home  grown. 
General  Statement : 

iUissets : 

(a)  Sweating: 

Tubers  dry 

(b)  Sprouting: 

Sprouts  up  to  1/1   inch 

(c)  Molds: 

No  moMs 

(d)  Shriveling: 

Tubers  firm 
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ro\[)FNSF!)    TAHIF    OF    STORAGE    OBSFHV  ATIONS. 

Avt»raKe   UnKtJh   of   spr.viiti*    in    inrho«    i^    given    in   whito  ;    the  black    reproj^nt'^   the    jyettmii^ee  o 
•toratre  rot.     Bair.   cr»to   and  Inilk    ?!<  ir^i*    nre   indicsted  by  th«  abbreviations   BG,   CR,    BL.K,  a 
for  RuBWt  the  abbrrvLnti   n   RST  i«  imed. 
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(ONI)FNSFD    TABLE    OF   STORAGE    OBSERVATIONS  ^^,^  .^.,^,,^.,   ,,, 

Average  lon.th   of   sprouts   in   incho.  is   .ivon   in  -^;^- ;  ^t^;^ '>!;;:;^.j:::^ 
storage  rot.      B.-.^r.   crate   and  bulk    storage   are   indicated   by   the    ubLuou.i 
for  Russet  the  abbreviation  RST  is  used. 
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DISCUSSION 

The  bin  that  showed  the  most  moisture  over  the  surface  thruout 
the  storage  period,  showed  the  first  signs  of  sprouting.  Sprouting 
activity  was  first  noted  on  January  28,  1925,  in  the  unventilated  bulk 
stock.  Sprouting  of  the  crate  and  bag  stock  in  the  unventilated  room 
was  not  noted  until  March  the  2nd.  In  rooms  1,  2,  and  3  the  bulk 
stock  showed  sprouting  activity  6  to  8  weeks  earlier  than  the  stock 
stored  in  crates  and  bags.  In  room  4  there  appeared  to  be  no  consis- 
tent difference  in  the  time  of  sprouting  of  the  various  lots.  This  may 
be  uue  iv  liie  iacL  liiat  the  crate  ana  bag  stocK  was  stored  over  the 
bins  containing  the  bulk  stock. 

There  appeared  to  be  no  direct  correlation  between  the  type  of 
storage  and  the  percentage  of  rot.  When  only  Potter  County  stock 
is  considered  from  the  standpoint  of  rot,  we  find  that  in  the  three  best 
lots  there  was  a  variation  of  only  0.22%.  These  three  lots  were  repre- 
sented by  bin  14  which  contained  4.66%  of  rot;  a  bag  in  Room  3  with 
4.74%  of  rot,  and  a  crate  in  room  1  with  4.88'^  of  rot.  There  appears 
however,  to  be  a  slight  tendency  in  favor  of  crate  storage  over  bulk 
storage  in  the  Potter  County  stock.  In  the  case  of  the  bag  stock  the 
results  are  more  variable.  It  will  be  noticed  that  the  crate  storage  in 
the  old  storage  cellar  showed  considerable  rot.  Much  of  this  rot  was 
due  to  frosting  during  storage. 

The  best  bin  of  Potter  County  stock  in  the  Laboratory  cellar  was 
bin  No.  6  which  was  the  upper  of  the  two  three-foot  bins.  This  bin 
showed  approximately  1%  of  rot  and  very  little  shriveling  of  the 
tubers  in  the  bottom  foot,  as  was  the  case  with  many  of  the  other  bins, 
and  was  particularly  true  of  the  Potter  stock. 

Of  the  stocks  from  various  sources  and  of  different  varieties,  the 
amount  of  rot  developed  in  storage  indicates  that  the  Irish  Cobbler 
and  Green  Mountain  stored  best,  with  Sir  Walter  Raleigh  next  in  order 
and  Potter  County  Russets  last.  Of  the  remaining  two,  Bradford 
County  Russets  come  fourth  and  Michigan  Russets  fifth. 

In  general,  the  occurrence  of  rots  in  the  various  lots  and  in  differ- 
ent types  of  storage  is  irregular  and  erratic,  and  there  naturally  arises 
the  thought  that  other  factors  than  those  under  consideration  may 
l^ave  played  an  important  part  in  the  commencement  and  development 
of  this  storage  rot. 


CONDENSED   TABLE   OF   STORAGE   OBSERVATIONS. 
Average  lonprfh  of  sprouts  in  inches  is  given   in  white;   the  black  reprosonts  the  porrontage  of 
storage  rot.     Bag,  crate  and  bulk  storage  are   indicated  by  the   abbreviations   BG,   CR,    BLK,  ana 
for  Russet  the  abbreviation  RST  is  used. 
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Field  Tests  of  Stored  Potatoes 


W.  A.  MCCUBBIN  AND  R.  E.  HARTMAN 


Bureau  of  Plant  Industry, 
Pennsylvania  Department  of  Agriculture 


FIELD  TESTS  OF  STORED  POTATOES 

W.  A.  McCUBBIN  and  R.  E.  HARTMAN 

Pennsylvania  Bureau  of  F'lant  Industry 


Samples  of  the  potatoes  held  in  storage  under  various  conditions 
(lurine  the  winter  at  The  Marble  Laboratory  were  selected  and  held 
for  a  field  test,  so  that  from  their  behavior  m  germmation,  growth 
differences  or  yield,  further  information  might  be  obtained  on  the 
tffeets  of  the  various  methods  of  storage  employed. 

The  lest  was  conducted  on  the  farm  of  K.  W.  Benjamin,  of 
Towanda,  (Bradford  County)  whose  own  seed  potatoes,  held  in  ordi-  • 
nary  farm  cellar  storage,  were  utilized  for  the  check  rows.  Between 
the  opening  up  of  the  storage  lots  at  The  Marble  Laboratory  and  the 
date  of  planting,  the  individual  lots  of  Canton  storage  seed  were  kept 
in  crates.  During  this  period  any  sprouts  developed  in  storage  and 
rubbed  off  in  handling  were  succeeded  by  short,  thick,  green  sprouts. 
Mr.  Benjamin's  own  seed  taken  from  the  cellar  at  the  time  of  planting 
was  unsprouted. 

The  field,  which  was  fairly  uniform  as  regards  soil  and  contour, 
was  planted  May  20-21. 

Preparation  of  the  seed  bed  was  excellent  and  fertilization  was 
uniform.  The  field  was  lightly  manured  and  a  complete  fertilizer 
(2-8-10)  was  applied  at  the  rate  of  800  pounds  per  acre. 

The  potatoes  were  planted  on  two  succeeding  days  with  no  chang- 
ing weather  factor  to  vary  the  results.  Planting  was  d(^ne  with  a  two- 
man  planter.  The  rows  were  approximately  300  feet  long  and  the  sets 
were  placed  12  inches  apart.  The  use  of  the  planter  varied  the  number 
of  sets  per  row  to  some  extent,  but  the  exact  number  of  sets  used  in 
each  row  was  recorded.    Seed  was  cut  immediately  before  planting.  Of 
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the  various  varieties  stored  at  Canton  only  the  Potter  County  stock  of 
Russet  Rurals  was  included  in  these  tests. 

Growing  conditions  were  favorable  from  the  date  of  planting,  May 
20th  to  June  1st. 

Late  blight  appeared  in  several  places  thruout  the  field,  and  this 
must  be  taken  into  account  in  considering  the  variations  in  yield  and 
their  irregularity.  It  was  found  impossible  at  digging  time  to  make 
any  accurate  estimate  of  the  loss  from  late  blight  for  each  row,  so  the 
biigntea  tuuers  were  meieiv   ^^h^^c^iki^kx  M^i-vyi\.  v»  v.^g;.iixto. 

The  table  submitted  (pages  139-142)  gives  the  details  of  the 
plot,  the  obsei-v^ations  made  in  summer,  and  the  yield  records;  sum- 
maries made  from  these  data  are  also  given. 

The  condition  of  some  of  the  various  lots  of  seed  used  in  these 
field  tests  when  they  came  out  of  storage  is  illustrated  in  Plates  VII- 
XV  inclusive;  and  the  remaining  lots  are  similarly  illustrated  by 
samples  shown  in  Section  I,  Plates  II-V  inclusive.  Table  V  on  p. 
155  is  given  to  provide  a  convenient  reference  to  these  last,  which 
form  parts  of  the  general  illustrations  used  in  Sections  1  and  11.  All 
these  illustrations  are  from  photographs  made  by  Mr.  Marble's  staff. 
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TABLE  II 

1.  Lowest  germination  of  all  the  experimental  stor- 
age potatoes,  88.20% 

2.  Highest  germination  of  all  the  experimental  stor- 
age potatoes,  91.80% 

3.  Average  germination  of  all  the  experimental  stor- 
age potatoes,  89.97% 

4.  Average  germination  of  checks,  84.60% 

3.  11:^,1.^:1  yield  of  :ill  the  experimental  storage  pota- 
toes, 359.34  Bushels 

6.  Lowest  yield  of  all  the  experimental  storage  pota- 
toes, 230.00 

7.  Avora^e  vield  of  all  the  experimental  storage  pota- 
toes, 281.60 

8.  Highest  yield  of  checks,  241.68 

9.  Lowest  yield  of  checks,  192.00 
10.  Average  yield  of  checks,                                               216.08 


99 


9f 


TABLE  III 


Comparison  of  Germination  and  Yield  from  Potatoes  Held  in 

Various  Types  of  Storage 

Average    Per  Cent   of       Average   Yield    Per 


Type    of    Storage 

Crates, 

Bags, 

Bulk— Top  Foot, 

Bulk — Centre  Foot, 

Bulk— Bottom  Foot, 

Check, 


No.   of    Rows 

5 

Germinatio 

90.6 

5 

88.2 

9 

88.5 

9 

91.7 

9 

90.8 

9 

84.6 

Acre  In  Bushels 

279.76 

282.58 

281.26 

277.31 

287.1 

216.08 


144 


THE  MARBLE  LABORATORY,  INC. 


TABLE  IV 

Summary  of  Mean  Yields  in  Bushels  Per  Row  from  Lots  Subjected  To 
Various  Storage  Treatments  and  from  the  Check  Rows 


Type   of   Storage 

Crates, 

Bags, 

Bulk— Top  Foot, 

Bulk— Bottom  Foot, 
Check, 


No.  of  Rows 

6 
5 
9 

Q 

9 
9* 


Average  Yield  Per  Coefficient    of  Vari- 

Row  (bushels)  ability  (per  cent) 

6.01      -      .27  14.6 

6.17     -     .03  1.5 

6.59     -     .12  8.0 

(^.05     -     .10  7.6 

6.23     -     .18  13.0 

4.80     -     .08  7.4 


*  10th  check  row  not  used  because  number  of  seed  pieces  in  row  is  not 
given. 


Dr.  Freeman  Weiss  kindly  offered  to  treat  the  results  given  in 
Table  III  by  statistical  methods  in  order  to  bring  out  the  probable 
error  involved  in  the  averages  presented. 

He  decided  it  was  best  to  use  the  recorded  number  of  bushels  per 
row  rather  than  the  bushels  per  acre  as  given  in  the  table,  and  recal- 
culated the  yield  from  each  row  to  make  these  yields  comparable  on 
the  basis  of  a  uniform  row  of  320  seed  pieces. 

The  results  thus  rechecked  are  given  in  Table  IV.  Concerning  the 
bearing  of  these  figures  on  the  value  of  the  experimental  results,  Dr. 
Weiss  states  that,  "the  variation  between  different  ^  ws  of  the  same 
general  treatment  in  most  cases  equals  or  exceeds  the  differences  be- 
tween treatments;  i.  e.,  there  was  no  effect  due  to  previous  treatment 
of  the  stock  that  compensated  or  outweighed  environmental  differ- 


ences. 


?» 
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DISCUSSION 


In  these  tests  the  effects  of  different  conditions  in  storage  might 
be  expected  to  show  themselves  in  an  observable  way  in  germination 
processes  or  in  yield. 

Germination  percentages  were  recorded  on  June  16,  at  which  time 
the  general  average  was  not  high.  The  final  germination  counts  given 
for  June  29,  are  for  this  reason  a  truer  measure  of  the  actual  situation 
in  this  respect.  It  will  be  noted  that  the  departure  from  the  average 
for  all  the  experimental  storage  stocks  (89.977^^)  is  in  every  case  not 

in  the  case  of  row  51  where  badly  rotted  tubers  were  used  and  the 
cause  of  low  germination  is  obvious.  If  one  averages  the  germination 
percentages  to  cover  bag,  crate  and  bulk  storage  lots  (Table  III), 
again  there  is  no  difference  which  can  be  considered  significant.  In 
short  the  uniformity  of  germination  thruout  and  the  fairly  high  stand- 
ard reached  would  suggest  that  the  germination  of  the  seed  from  the 
experimental  storage  had  not  been  affected  by  any  of  the  storage 
conditions  to  which  it  had  been  subjected.  The  uniform  formation  of 
healthy  stubby  green  sprouts  noted  above  bears  out  this  conclusion. 

Table  III  indicates  a  consistently  lower  average  germination  in 
the  checks.  While  this  is  unimportant  in  any  conclusions,  it  is  worth 
noting;  no  cause  can  be  assigned  for  this  apparent  difference  beyond 
the  guess  that  it  might  be  the  result  of  weather  conditions  or  the  out- 
come of  using  sprouted  and  dormant  seed  or  a  com.bination  of  both 

factors. 

In  the  figures  giving  yield  per  acre  the  range  of  possible  error  is 
very  wide  due  to  the  presence  of  blight,  to  say  nothing  of  the  other 
ordinary  sources  of  variation,  and  since  there  was  no  replication  to 
reduce  these  variations  it  is  quite  unsafe  to  make  yield  comparisons 
between  the  various  rows.  It  is  significant,  however,  that  in  spite  of 
the  unfavorable  weather  in  June  and  the  blight  attack  mentioned 
above  the  average  yield  of  the  experimental  storage  seed  was  281.6 
bushels  per  acre,  and  the  lowest  yield  of  any  individual  row  was  230.0 
bushels  per  acre;  these  yields  are  so  normal  for  the  stock,  the  variety 
and  the  locality  that  one  finds  it  difiicult  to  suspect  that  there  has  been 
any  material  impairment  of  its  vitality  resulting  from  the  various 
storage  conditions  in  which  it  was  held.  The  figures  on  germination 
also  bear  out  this  view. 
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PLATE  VII 


PLATE  VIII 


MARBLE    LABOKATOKV    POTATO    ST0RA(;E    INVESTIGATIONS. 
Row  N©.  Bushel     Yield    Per    Row  Esthnated   Bushel   Yield    Per    Acre 


6.25 


299.5 
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MARBLE   LABORATORY   POTATO  STORAGE   INVESTIGATIONS. 
Row  No.                 Bushel    Yield    Per    Row  Estimated   Bvahcl  Yi«U   Per  Acr* 

2  6.25  292.9 

8  6.25  25L58 

4  6.5  272.62 
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PLATE  IX 


S28.46 


MAIIBLE  LABORATORY   POTATO    STORAGE   INVESTIGATIONS. 
Row  No.  Bushel    Yield    Per    Row  Estimated  Bushel  Yjeld^  Per  Acre 

$  6.76 
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MARBLE   LABORATORY    POTATO  STORAGE   INVESTIGATIONS. 

Row  No.  Bushel    Yield    Per    Row  Estimated  Bushel  Yield  Per  Acre 

8  6.35  808.28 

9  7.  817 
10                                            e.  280.08 
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rf  T 


PLATE  X\ 


MARHIF    LABORATORY    POT \TO    STORAGE    INVESTIGATIONS. 

Row  N«.  BuhIw!     Yt««ld    P*^    Hnw  Estimated   Bushel  Yield   Per   Acre 

257.56 


TABLE  V 

Illustrations  of  storage  lots  used  for  field  tests  in  addition  to 
those  shown  in  Plates  VII-XV  are  to  be  found  in  Sections  I  and  II  of 
this  report  at  points  indicated  in  the  following  table.  The  row  num- 
bers refer  to  the  row  designations  given  in  Table  1,  pp.  139-142  inclu- 
sive. 
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HYGROTHERM()f;RAPH    RKCORDS— SERIES    III.      (a) 

Records   of  t^'mpemturi'   and   hiinii(iity    luaile  by  a  Friez   Hyj^'rotht  rmograph    in   the   open   air  out- 
side a  north  window  at  the  Cuuderspurt  warehouse,  Jan.    19.   1925   to   March  2.    192B, 
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HYGROTHERMOCiRAPH    RECORDS— SERIES    HI.   (h) 

Records  of  temperature  and  humidity  made  by  a,  Friez  Hygrothermograph   in  the  open  air  out- 
side a  north  window  at  the  Coudersport  warehouse.  March  2,  1925  to  April  13,  1926. 
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OBSERVATIONS  ON  POTATO  STORAGE  CONDITIONS 
AT  THE  COUDERSPORT  WAREHOUSE,  1924-25 


Following  the  recommendations  of  the  Committee,  the  Depart- 
ment of  Agriculture  arranged  for  the  presence  of  an  observer  in  the 
Coudersport  warehouse  during  the  storage  season  to  take  records  of 
the  temperature,  moisture  and  other  conditions  which  might  affect 
the  keeping  qualities  of  the  potatoes  stored  there. 

one  could  be  assigned  to  this  work  until  November  1st,  when  Mr. 

Floyd  Y.  Smith  was  placed  there.     Later  he  was  replaced  by  R.  C. 

Test  who  continued  the  observations  till  the  close  of  storage,  April  15. 

The  following  report  is  a  digest  of  the  results  obtained  by  them. 

1.  Temperature  Records. 

A — Room  temperatures: 

Constant  records  of  room  temperature  were  obtained  by  Friez  Hy- 
grothermographs,  one  of  which  was  placed  as  centrally  as  possible  at 
the  side  of  the  aisle  and  about  5'  from  the  floor  in  the  upper  floor,  and 
another  similarly  located  cm  the  lower  floor.  In  addition  a  checked 
Fahrenheit  thermometer  was  placed  in  the  northwest  comer  of  the 
upper  floor  and  a  maximum-minimum  thermometer  in  the  southwest 
corner  of  this  floor ;  a  similar  series  was  placed  in  the  lower  floor  in  the 
southwest  and  southeast  corners  respectively. 

The  accuracy  of  all  thermometers  used  was  checked  in  the  begin- 
ning against  a  standard  laboratory  thermometer  and  they  were  found 
to  agree  closely. 

Readings  were  taken  thrice  daily  (except  Sunday)  at  approxi- 
mately 9  A.M.,  1  P.  M.,  and  5  P.  M.,  at  which  periods  the  temperature 
line  on  the  hygrothermograph  was  checked  against  a  thermometer  and 
adjustment  made  if  necessary.  At  no  period  did  either  instrument 
show  more  than  1  degree  variance  from  the  mercury  thermometer. 

The  hygrothermograph  records  (Series  I  and  II)  indicate  that 
the  temperature  was  maintained  in  very  uniform  fashion,  except  the 
last  week  in  February,  until  March  9,  and  that  thereafter  the  upward 
fluctuations  were  not  great  and  were  of  short  duration  until  about  the 
end  of  March.     After  this  time  the  rising  temperature  outside  and 


much  opening  of  doors  for  grading  and  shipping  caused  very  consider- 
able rises  in  room  temperatures,  especially  in  the  upper  floor. 

The  facts  that  sprouting  was  delayed  satisfactorily  on  the  one 
hand  and  on  the  other  hand  that  the  stored  potatoes  were  not  injured 
by  any  low  temperatures  are  good  evidence  that  the  storage  tempera- 
ture in  general  was  satisfactory  as  far  as  normal  tubers  were  con- 
cerned. Apparently  the  management  was  able  to,  and  did,  keep  the 
room  temperature  during  the  greater  part  of  the  storage  period  with- 
in a  reasonably  close  range  of  variation  from  the  38  degrees  which 
was  accepted  at  the  beginning  as  the  desirable  point. 

These  further  points  are  worthy  of  note: 

A — Aside  from  points  close  to  walls  or  doors  where  outside  tempera- 
ture exerts  local  influence  there  has  not  been  noted  any  appreciable 
difference  in  the  general  room  temperature  on  the  same  level 

The  upper  floor  has  an  average  temperature  of  about  2-4  degrees 
higher  than  the  lower,  and  is  far  more  subject  to  fluctuations  caused 
by  outside  temperatures  and  by  the  fact  that  operating  doors  and 
windows  are  all  on  the  upper  level. 

B — Outside  temperature  records: 

Series  3  shows  hygrothermograph  records  immediately  outside 
the  building  covering  the  period  from  January  20th  to  April  13th. 
This  record  provides  a  comparison  with  the  inside  upper  floor  charts 
in  table. 

C — Bin,  crate  and  bag  temperatures : 

An  attempt  was  made  to  get  temperature  records  in  the  interior 
of  bin,  bags  and  crates.  For  the  three  bins  under  observation  one  of 
the  tube.^  u«ed  in  the  Canton  experiments  was  buried  in  each  bin  ver- 
tically so  that  the  readings  of  temperature  were  1,  2,  3  and  4  feet  be- 
low the  surface  and  3  feet  in  from  the  front  of  the  bin  in  its  center. 
Readings  were  made  daily  (8  to  9  A.  M.)  thruout  the  whole  storage 
period.  Analysis  of  the  records  for  these  bins  indicates  that  while 
slight  diflferences  are  to  be  noted  in  readings  from  day  to  day  or  in 
different  locations,  there  has  existed  no  constant  temperature  varia- 
tion which  would  indicate  heat  production  at  any  ^evel.  All  changes 
noted  could  be  correlated  with  change  of  room  temperature,  the  use  of 
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fans,  opening  of  doors,  etc.  The  only  possible  exception  was  a  slight 
apparent  increase  in  the  2  foot  level  in  all  bins  during  several  days  in 
January ;  this  was  not  in  evidence  in  the  February  figures.  All  bins 
were  on  the  upper  floor. 

On  the  lower  floor  crate  temperatures  were  observed.  Tempera- 
tures were  taken  in  two  places,  in  the  center  of  a  pile  of  crates  in 
the  middle  of  the  room,  and  in  the  center  of  a  pile  of  crates  3  feet  from 
the  east  wall.  In  the  last  case  three  readings  were  made,  at  3  and  5 
foot  depths  from  center  top  and  1  foot  deep,  three  feet  from  the  floor 
uii  uiic  oiiic.    All  readings  daily  (3  l^  3  A.  M.) 

There  is  no  constant  temperature  difference  in  these  locations  and 
while  the  average  of  the  temperatures  for  January  and  February  is 
nearly  a  degree  lower  in  the  side  than  in  the  interior  in  this  second 
pile  of  crates  this  is  easily  accounted  for  by  nearness  of  the  side  to  the 
outside  wall.  Similarly  there  is  a  higher  average  temperature  in  the 
crate  pile  in  the  center  of  the  room  than  in  the  second  pile  near  the 
wall  which  is  similarly  explainable.  Moreover  a  comparison  of  the 
crate  temperatures  with  room  temperatures  nearby  shows  that  some- 
times one  is  higher  and  sometimes  the  other,  depending  on  whether 
the  general  temperature  is  rising  or  falling  and  agreeing  with  an  ex- 
pected lag  in  the  crates. 

In  a  pile  of  sacks  13  sacks  long,  7  wide  and  6  deep  on  the  lower 
floor  was  placed  a  temperature  tube  vertically  between  the  sacks 
three  feet  from  the  end  and  three  feet  from  one  side.  Another  was 
inserted  horizontally  in  a  bottom  outside  bag  of  the  lowest  tier  of  this 
pile,  25  feet  distant  from  the  first.  A  third  was  inserted  in  the  same 
location  in  a  second  pile.  Still  another  was  inserted  to  get  tempera- 
tures at  3  and  5  foot  levels  between  the  second  and  third  tiers  in  the 
center  of  the  top  of  a  third  pile.  A  fourth  tube  was  placed  in  this 
third  pile  horizontally  betw^een  the  sacks  two  tiers  from  the  top. 

The  only  case  in  which  any  constant  temperature  differences  in 
bags  was  observ^ed  was  in  the  case  of  some  frosted  stock  running  about 
75%  frost.  During  December  and  January  the  temperature  rose  2  to 
4  degrees  in  this  bag  above  the  general  room  average,  but  gradually 
fell  back  to  normal  in  February.  All  other  variations  in  the  temper- 
ature in  sacks  are  readily  attributable  to  local  conditions. 


2.  Humidity  Records 

A — Air  moisture: 

Humidities  were  taken  in  the  storage  room  thruout  the  storage 
period  from  December  3  on  the  upper  floor  using  a  Friez  hygrothermo- 
graph ;  and  on  the  lower  floor  from  the  same  date  to  January  10.  A 
further  hygrothermograph  record  of  temperature  and  humidity  was 
secured  outside  the  building  from  January  19  to  April  13. 

The  instruments  were  placed  in  the  sides  of  the  aisles  in  each 
floor.     They  were  checked  thruout  three  times  daily  by  comparison 

with  a  shnp"  nsvpb rompfpr  anH   orlinafo/^  if  r»or>fkoc^o>»^r       t  iffi 
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ment  was  needed  at  any  time. 

The  accompanying  charts  1,  2  and  3  give  the  records  obtained. 

In  addition  to  the  hygrothermograph  records,  readings  were  made 
in  four  other  parts  of  the  building,  two  above  and  two  below  each 
day  as  well  as  outside  when  weather  pei^itted  and  until  the  extra 
hygrothermograph  was  placed  outside. 

While  in  general  the  humidity  range  on  the  whole  floor  is  fairly 
close  for  any  set  of  observations,  differences  in  humidity  of  as  much 
as  10%  between  different  parts  of  the  room  have  been  noted.  There 
is  also  a  fairly  wide  variance  between  the  two  floors  particularly  in 
the  spring  months  when  higher  temperatures  on  the  upper  floor  were 
accompanied  by  a  low^ering  of  relative  humidity. 

During  December,  January  and  February  the  humidities  on  the 
upper  floor  ran  close  to  or  over  90%,  usually  above  85,  and  only  on  two 
occasions  falling  below  80 ;  on  January  21  for  about  four  hours  and 
on  February  15  for  two  hours.  This  high  humidity  also  continued 
until  March  20  with  one  10  hour  drop  below  80  on  March  13.  After 
March  20  the  humidity  curve  went  much  lower  and  became  very 
irregular  due  to  higher  outside  temperatures  and  frequent  opening  of 
doors. 

In  the  lower  floor  the  instrument  used  was  subject  to  several  in- 
terruptions and  was  taken  out  of  use  elanuary  10.  It  indicated,  how- 
ever, during  the  period  of  use,  a  slightly  higher  humidity  than  on  the 
upper  floor.  The  psychrometric  readings  were  continued  on  the  lower 
floor  till  March  16. 

B — Factors  affecting  humidity: 

It  is  observed  that  opening  doors  when  the  outside  air  is  rela- 
tively dry  causes  the  recording  needle  to  drop  markedly  and  quickly. 
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But  when  the  doors  are  again  closed  the  needle  moves  back  very 
quickly  to  its  original  level. 

Similarly,  when  the  ventilating  blower  started  the  humidity 
lowers,  especially  when  the  air  was  heated.  This  lowering  ran  to 
nearly  ten  points  when  fan  was  run  all  night  but  the  humidity  rose 
rapidly  when  the  fan  stopped  so  that  in  two  hours  the  humidity 
reached  within  a  couple  of  degrees  of  the  original  point. 

The  three  ventilators  in  the  roof  showed  differences  in  air  cur- 
vpnfQ  a«  shown  hv  h^np-inc  paper  strips.  On  clear  days  with  wind 
there  was  a  distinct  movement  upwards  in  all  ventilators  but  espe- 
cially in  the  central  one.  Dull  days  even  with  wind  caused  but  little 
air  movement  in  these  shafts.  In  no  case  was  the  ventilator  air 
movement  obsei'\^ed  to  reduce  the  humidity  curve  when  this  move- 
ment was  the  only  factor  present. 

Of  all  factors  observed  which  were  likely  to  affect  humidity  the 
opening  of  doors  gave  most  marked  results  with  the  blower  next  in 
value. 

C — Humidity  at  air  vents: 

Tests  were  made  of  the  air  humidity  being  forced  thru  the  under- 
ground conduit  system  (a)  just  as  il  left  the  fan,  and  (b)  at  the  point 
of  delivery  at  the  bottom  of  the  bins.  The  sling  psychrometer  was 
used  for  this  purpose.  The  fan  was  running  full  with  heater  about 
one-third  capacity  outside  temperature  11  degrees  and  outside  humid- 
ity 53%. 

Tests  from  the  vent  at  the  blower  and  at  two  of  the  outlets  gave 
temperature  of  40  degrees  and  humidity  61 7^.  in  all. 

In  a  similar  test  where  the  outside  temperature  was  17  and 
humidity  50.  the  room  temperature  34  and  humidity  90,  test  of  air 
from  the  vents  gave  a  temperature  of  30  and  humidity  of  80.  * 

D — Effect  of  Electric  Fans  on  Bin  Moisture: 

Four  14"  electric  fans  were  employed  in  various  ways  to 
overcome  the  deposition  of  moisture  on  the  surface  layers  of  pota- 
toes in  bins.     From  4  to  24  hours*  use  of  these  fans  was  sufficient  to 


•This    record    is    prnbaMy    «-rronfoiis.    since    raising    the    temperature  would      undoubtedly      de- 
crease   the    relative    hunvHity,—  W.    A.    Mc. 
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dry  off  visible  moisture  from  the  upper  layers  of  tubers  as  deep  as 
surface  moisture  was  present.  The  length  of  time  the  fan  must  be 
run  was  entirely  dependent  on  the  temperature  and  humidity  of  the 
air  in  the  room;  also  the  field  of  action  was  confined  to  areas  where 
the  strong  air  currents  swept  over  the  pile.  This  was  checked  by 
streamers  of  papers. 

When  the  fan  was  discontinued  moisture  reappeared  on  the  tub- 
ers, the  length  of  time  for  reappearance  being  closely  connected  with 
air  moisture  and  temperature  conditions. 

Opening  doors  on  suitable  days  is  very  much  more  efficient  in  re- 
moving surface  moisture  than  these  fans ;  half  an  hour  to  two  hours 
would  accomplish  approximately  as  much  drying  as  4  to  24  hours 
with  fans. 

3.  Study  of  Air  Currents 

Some  idea  of  the  direction  and  intensity  of  air  currents 
in  the  building  was  obtained  by  hanging  thin  paper  strips  in 
\arious  places  and  observing  their  movement  under  different  condi- 
tions. Under  ordinary  conditions  there  was  scarcely  any  movement. 
The  blower  caused  a  general  air  movement  but  did  not  bring  about  a 
strong  draft  in  the  roof  ventilators.  The  greatest  air  movement 
occurred  on  opening  the  doors  and  this  also  caused  the  strongest  cur- 
rent up  the  ventilators  in  the  roof.  Heaters  produced  considerable  air 
movement  largely  of  an  upward  type  which  went  in  the  general  direc- 
tion of  the  central  ventilator.  Heaters  alone,  however,  did  not  appear 
to  cause  much  movement  out  thru  the  ventilators.  The  effect  of  the 
electric  fans  was  largely  local  as  already  noted.  Strong  winds  (South 
or  Northwest)  rendered  the  roof  ventilators  active,  especially  when 
the  air  outside  was  somewhat  dry. 

4.  Condensation  and  Dripping  on  Roof 

The  use  of  a  ceiling  above  the  upper  floor  did  not  prevent  conden- 
sation of  air  moisture  on  the  cold  roof  and  consequent  dripping.  How- 
ever, the  false  floor  did  intercept  much  of  the  drip  and  allowed  it  to 
evaporate  again  so  that  comparatively  little  of  it  found  its  way  into 
the  potatoes  below.  The  wetting  of  potatoes  from  drip  water  occurred 
only  in  a  few  places  and  only  at  intervals. 

It  is  apparent  that  the  present  arrangement  of  ceiling,  attic  and 
roof  do  not  provide  insulation  complete  enough  to  prevent  dripping. 
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Two  suggestions  are  made :  That  the  attic  flooring  be  made  airtight  in 
some  way;  and  that  provision  be  made  for  ventilating  the  attic  in 

some  way. 

5.  Healing  of  Cut  Potatoes  With  Rot 

The  following  tests  are  of  value  only  as  an  indication  of  the  effect 
of  storage  on  rot.  On  January  10th,  four  potatoes  with  rot  were  taken 
from  a  bin,  4  from  a  crate,  and  4  from  a  sack.  All  were  cut  open  and 
the  superficial  rot  tissue  removed.  Three  of  each  lot  were  returned  to 
their  original  place  and  the  fourth  kept  in  the  office  in  one  comer  of 
the  building.  Here  the  nigh^  ^^^>....^ofMv..  v^or.  oa  ir^w  ««  frppy.inor  and 
the  day  about  60 ;  day  humidity  was  found  by  several  tests  to  be 

around  50. 

When  the  storage  lots  were  opened  March  1-15  the  tubers  in  all 
three  types  of  storage  were  found  to  have  rot  which  had  spread  and 
deepened.  Those  stored  in  bins  were  somewhat  worse  and  those  in 
crates  least  rotted.  In  the  office  all  lots  dried  up  and  suberized  with- 
out further  rot. 

Two  sound  potatoes  cut  and  left  in  the  bins  for  the  same  period 

developed  mold  but  did  not  rot. 

6.  Sprouting 

The  first  signs  of  sprouting  were  observed  on  February  23  and 
then  only  in  a  few  potatoes  in  one  of  the  bins.  Crates  and  bags  showed 
signs  of  sprouting  somewhat  later  but  varied  according  to  location; 
those  in  the  center  of  the  house  became  active  sooner  than  those  near- 
er the  walls. 

There  was  little  difference  in  the  various  lots  at  the  time  of  ship- 
ping and  in  few  cases  were  any  sprouts  more  than  14  inch  at  this 
time.  The  crates  were  best  from  this  point  of  view,  the  bins  had  most, 
and  the  sacks  were  intermediate. 

From  the  standpoint  of  seed  storage  it  may  be  concluded  that  the 
matter  of  sprout  prevention  is  practically  solved  and  that  conditions  in 
this  respect  are  immeasurebly  better  than  in  any  previous  year. 

7.  Shriveling 

This  was  observed  February  10  in  crates  on  the  lower  floor;  it 
was  then  noted  in  the  upper  tier,  but  was  found  to  be  present  all  thru 
the  lot  when  they  were  taken  out  for  shipment.    These  crates  were  in 
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the  central  part  of  the  room;  another  lot  of  crates  kept  near  the  side 
wall  showed  practically  no  shriveling  when  sorted. 

A  slight  shriveling  was  also  noted  on  February  13  in  the  outside 
sacks  of  a  sack  storage  pile  near  the  center  of  the  building. 

There  was  practically  no  shriveling  in  bins.     In  all  cases  the 
amount  of  shriveling  was  slight, 

8.  Rots  and  Sbrtouts  in  Seed 

The  following  data  covers  7  lots  of  seed  certified  from  the  Coud- 
ersport  waicnuuse  anu  d  irom  farm  storage  in  the  county. 

It  is  to  be  noted  that  the  figures  of  rots,  etc.,  given  are  not  strictly 
comparable  since  the  warehouse  stock  was  graded  when  stored  and 
there  was  thus  removed  from  it  a  great  many  injured  or  imperfect 
tubers  which  would  not  be  taken  out  of  cellar  stored  potatoes,  it  being 
customary  to  put  the  crop  in  the  cellar  in  the  fall  and  grade  in  spring. 
The  data  given  was  obtained  by  Mr.  John  Hudock  during  the  grading 
inspections. 
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RECORD  OF  SORTOUTS   AND  ROTS  FROM  CERTIFIED 

SEED  POTATOES  IN  POTTER  COUNTY, 

1925  GRADING  INSPECTION 


COUDERSPORT  STORE  HOUSE 

Bushels 

Type  of 

Graded  When 

% 

of  Sort- 

%  of  Active 
Rot 

No. 

nspected 

Storage 

Stored 

outs 

1 

754 

Bags 

Yes 

29.3 

2.3 

r^ A  _  — 

Vr»o 

^9  s 

1.2 

1 

C  ■  .* 

A.     V  .  *. ; 

s 

442 

Bags 

Yes 

30. 

2.6 

4 

350 

Crates 

Yes 

36. 

16.2 

S 

1,200 

Bags 

Yes 

20. 

6. 

f 

2r)0 

Bags 

Yes 

40. 

10.8 

7 

100 

Bags 

Yes 

25. 

2.9 

FARM 

CET.LAR  STORAGE 

1 

404 

Bin 

No 

2S.S 

11.1 

2 

79 

Bin 

No 

30.3 

11.3 

S 

95 

Bin 

No 

7.37 

0.16 

4 

96 

Bin 

No 

29.1 

2.9 

S 

250 

Bin 

No 

17.6 

2.99 

« 

700 

Bin 

No 

28.5 

0.85 

777601 
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